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SODIUM  PREGNANEDIOL  GLUCURONIDE:  THE 
SIGNIFICANCE  OF  ITS  EXCRETION  IN 
THE  URINEi 

E.  C.  HAMBLEN.  CATHARINE  ASHLEY 

AND 

MARGARET  BAPTIST 

From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecology, 

Du\e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROUNA 

There  has  been  need  for  an  accurate  clinical  test  of  ovarian  function, 
especially  one  which  yields  information  in  regard  to  the  presence  and 
function  of  the  corpus  luteum.  Attempts,  however,  to  identify  the  active 
principle  of  the  corpus  luteum  in  the  tissues  and  fluids  of  the  human  female, 
generally  have  been  disappointing  when  various  methods  of  bioassay  were 
employed. 

Only  small  amounts  of  progestin  were  found  by  Adler  and  coworkers  (i)  and  by  Ehrhardt 
(2)  in  human  placentas  and  in  the  urines  of  pregnant  women.  Clauberg  and  his  associates  (3) 
obtained  a  questionable  progestational  reaction  with  an  extract  prepared  from  approximately 
50  gm.  of  human  corpora  lutea.  Pratt  and  his  group  (4),  however,  were  able  to  get  positive 
tests  in  the  immature  rabbit  with  extracts  equivalent  to  60  gm.  of  corpora  lutea.  Loewe  and 
Voss  (5)  found  only  one  rabbit  unit  of  biologically  active  progestin  in  ao  liters  of  urine  from 
women  during  the  last  5  days  of  the  menstrual  cycle.  Bloch  (6)  reported  that  500  cc.  of 
blood, from  a  pregnant  woman  gave  negative  results  when  tested  by  methods  of  bioassay. 

In  1929  pregnanediol  was  isolated  from  the  urine  of  pregnant  women  by  Marxian  (7). 
Shortly  thereafter  Dingemanse  and  co-workers  (8)  and  Butenandt  (9)  independently  con¬ 
firmed  this  finding.  Butenandt  and  his  associates  (10)  established  the  structural  formula  for 
pregnanediol  and  Butenandt  and  Schmidt  (ii)  were  able  in  1934  to  show  that  by  a  series 
of  rather  simple  chemical  alterations  pregnanediol  could  be  converted  into  the  principle  of 
corpus  luteum,  progesterone.  In  view  of  the  observations  by  Cohen  and  co-workers  (12) 
that  over  99  per  cent  of  the  estrogenic  substances  in  the  urine  of  pregnant  women  occurs  in 
an  acid-hydrolyzable  combined  form  and  those  of  Adler  (13)  that  some  of  the  androgenic 
principles  excreted  in  the  urine  of  males  probably  exist  in  a  butyl  alcohol-soluble,  acid- 
hydrolyzable  combined  form,  it  seemed  reasonable  to  expect  that  pregnanediol  is  excreted 
in  a  similar  combined  form.  In  1936  Venning  and  Browne  (14)  were  able  to  extract  with 
butyl  alcohol  sodium  pregnanediol  glucuronide  from  the  urine  of  pregnant  women.  Odell 

*  Part  of  the  expenses  incurred  in  these  studies  was  defrayed  from  a  grant  by  the  Research  Council 
of  Duke  University. 
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and  Marrian  (15)  reported  almost  simultaneously  that  they  had  determined,  in  an  ‘alkali' 
washed  butyl  alcohol  extract’  of  the  urine  of  pregnant  women,  the  presence  of  ‘an  ether- 
soluble  combined  form’  of  pregnanediol. 

Further  studies  by  the  group  in  Montreal  (16)  have  associated  the  urinary  excretion  of 
sodium  pregnanediol  glucuronide  with  the  progestational  phase  of  the  menstrual  cycle. 
Venning  (17)  and  Venning  and  Browne  (18)  concluded  that  this  compound  was  an  altered 
product  of  progesterone  since  injections  of  progesterone  in  oophorectomized  women  and 
in  those  in  whom  no  corpora  lutea  were  thought  to  be  present,  were  followed  by  the  urinary 
excretion  of  sodium  pregnanediol  glucuronide.  The  latter  group  of  workers  was  inclined  to 
beheve  that  the  uterus  or  endometrium,  at  least,  was  necessary  for  the  complete  metabolism 
of  progesterone  since  they  had  observed  no  excretion  of  the  pregnanediol  complex  following 
injections  of  progesterone  in  hysterectomized  women.  These  workers  estimated  that  the 
average  amount  of  sodium  pregnanediol  glucuronide  excreted  by  normal  women  during  a 
menstrual  cycle  was  from  45  to  55  mg.  They  (19)  considered  that  progesterone,  in  common 
with  the  other  sex  sterols,  is  excreted  only  in  hydrosoluble  conjugated  form.  Their  ideas 
of  the  metabolism  of  progesterone  may  be  summarized  as  follows.  Progesterone  is  trans¬ 
formed  into  pregnanediol  in  the  uterus  and  it  is  conjugated  with  glucuronic  acid  in  the  liver; 
when  the  uterus  has  been  removed,  progesterone  is  no,  netabolized  completely  and  either 
is  destroyed  or  is  excreted  by  the  kidneys  in  some  fort  1  other  than  that  of  sodium  preg¬ 
nanediol  glucuronide. 

During  the  past  year,  one  of  our  group  (C.A.)  has  devoted  full  time 
to  the  extraction  of  sodium  pregnanediol  glucuronide  from  the  urines  of 
normal  women  and  of  those  with  various  alterations  in  ovarian  function. 
Some  of  the  data,  which  are  pertinent  to  the  metabolism  of  progesterone  and 
which  offer  some  explanation  of  the  clinical  significance  of  the  urinary  excre¬ 
tion  of  sodium  pregnanediol  glucuronide,  are  submitted  in  this  communica¬ 
tion. 

METHOD 

The  method  employed  has  been  essentially  that  described  by  Venning 
(17).  It  involves  the  following  steps:  a  four-fold  extraction  of  the  urine  with 
normal  butyl  alcohol;  evaporation  to  dryness  under  reduced  pressure  of  the 
combined  butyl-alcoholic  extracts;  solution  of  the  residue  in  o.in  solution 
of  sodium  hydroxide;  another  four-fold  extraction  with  butyl  alcohol; 
evaporation  to  dryness  under  reduced  pressure;  precipitation  by  acetone  of 
an  aqueous  solution  of  the  residue;  solution  of  the  precipitate  in  hot  95  per 
cent  ethyl  alcohol;  evaporation  to  dryness  in  a  tared  beaker;  weighing  of  the 
residue. 

Since  our  experiments  with  known  amounts  of  sodium  pregnanediol 
glucuronide  have  indicated  that  on  the  average  2.3  mg.  of  impurities  is  ex¬ 
tracted  from  a  liter  of  urine  and  that  only  56.4  per  cent  of  the  known  com¬ 
pound  added  is  recovered,  appropriate  corrections  are  made  in  the  data  and 
the  total  calculated  excretion  in  mg.  for  a  24-hour  sample  of  urine  is  reported. 
It  is  obvious  that  the  laboriousness  of  the  method  does  not  make  it  practical 
as  a  routine  clinical  procedure. 

OBSERVATIONS 

Healthy  patients  having  cyclic  menstruation  considered  normal  by  them. 
The  excretion  of  sodium  pregnanediol  glucuronide  by  2  young  women  dur¬ 
ing  3  successive  menstrual  cycles  is  presented  in  figure  i.  These  data  agree 
in  many  respects  with  those  reported  by  Venning  and  Browne  (18).  a).  The 
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excretion  of  the  pregnanediol  complex  occurs  during  the  progestational 
phase  of  the  cycle;  it  appears  first  in  the  urine  at  the  time  when  ovulation 
is  thought  generally  to  occur,  b),  There  are  marked  variations  in  the  total 
amounts  excreted  during  different  cycles;  these  are  true  for  the  same  in' 
dividual  as  well  as  for  different  women. 

These  data  disagree  with  those  reported  by  these  authors  in  certain 
respects,  a),  They  reported  that,  once  the  excretion  of  sodium  pregnanediol 
began,  it  was  continuous  until  it  ceased  prior  to  the  onset  of  menstruation. 
These  observations  were  based  upon  determinations  made  upon  pooled 
specimens  of  urine.  Our  findings  from  the  extraction  of  24'hour  samples  have 


Fig.  I.  Sodium  Pregnanediol  Glucuronide — the  Significance  of  its  Excretion  in  the  Urine. 

indicated  striking  irregularities  of  excretion;  negative  values  occur  at  times 
for  2  days  during  the  middle  of  the  progestational  phase.  The  variations  are 
probably  not  to  be  related  so  much  to  factors  influencing  the  formation  of 
progesterone  as  to  those  altering  renal  or  hepatic  excretionary  functions. 

b)  The  relationship  of  the  curve  of  excretion  to  the  onset  of  menstrua' 
tion  is  more  variable  than  the  Montreal  group  has  reported.  During  the 
second  cycle  of  patient  A  the  excretion  of  the  pregnanediol  complex  ceased 
abruptly  5  days  before  the  onset  of  menstruation;  however,  an  additional 
1.5  mg.  was  passed  in  the  urine  during  the  third  day  before  the  onset  of  flow' 
ing.  During  the  third  cycle  of  this  patient,  approximately  6.5  mg.  was  ex' 
creted  during  the  24'hour  interval  immediately  prior  to  the  onset  of  flowing. 
Another  patient,  whose  excretion  of  the  pregnanediol  complex  was  studied, 
gave  negative  tests  for  4  days  before  flowing  began.  A  biopsy  of  the  en' 
dometrium,  however,  taken  just  prior  to  the  beginning  of  menstruation 
revealed  a  normal  progestational  endometrium. 

There  is  need  for  more  studies  of  the  urinary  titers  in  regularly  menstru' 
ating  women.  Correlational  studies  of  these  titers  with  those  of  endometrial 
biopsies  taken  at  the  onset  of  flowing  may  establish  a  definite  relationship 
between  the  degree  of  endometrial  differentiation  and  the  total  amount  of 
excreted  sodium  pregnanediol  glucuronide.  Studies  of  specimens  removed 
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in  this  manner  by  biopsies  have  repeatedly  shown  marked  variations  in  the 
endometrial  architecture  at  the  onset  of  bleeding  in  women  presumably  hav' 
ing  normal  menses. 

Observations  at  laparotomy.  Significant  data  have  been  secured  for  three 
patients  upon  whom  laparotomies  were  necessary. 

A  married,  white  women,  aged  22  years,  para  O'O'O,  was  operated  upon 
on  the  27th  day  of  the  menstrual  cycle  for  a  right  tubo^ovarian  mass.  Her 
previous  menses  had  been  cyclic  but  of  only  i  or  2  days  duration.  At  opera- 
tion  a  well  involuted  corpus  luteum  was  observed  in  the  right  ovary.  This 
ovary  and  a  portion  of  the  right  tube  were  removed  because  of  chronic  in¬ 
fection.  No  immediate  bleeding  followed  operation;  the  next  period  oc¬ 
curred  34  days  after  operation.  During  an  interval  of  3  days,  immediately 
prior  to  operation,  a  total  of  1.6  mg.  of  pregnanediol  complex  was  excreted. 
During  the  first  13  days  following  operation,  no  pregnanediol  complex  was 
excreted. 

A  single  white  woman,  aged  24  years,  was  operated  upon  on  the  25th 
day  of  an  episode  of  menorrhagia  due  to  a  submucous  fibromyoma.  A  recent 
corpus  luteum  was  found  in  the  right  ovary;  it  was  not  disturbed.  The  uterus 
which  was  removed  showed  in  addition  to  the  fibromyoma,  an  early  pro¬ 
gestational  endometrium.  Daily  24-hour  specimens  were  extracted  for  sodium 
pregnanediol  glucuronide  during  the  first  ii  postoperative  days,  except  for 
the  second  and  ninth  days  when  no  urine  was  saved.  All  findings  of  tests 
were  negative  except  on  the  fourth  day,  when  4.0  mg.  was  excreted. 

A  married,  colored  woman,  aged  41  years,  para  i-o-i,  was  operated  upon 
on  the  1 8th  day  of  the  menstrual  cycle  because  of  multiple  subserous  fibro- 
myomata.  Her  menstrual  history  had  been  normal.  Both  ovaries  and  the 
uterus  were  removed.  The  left  ovary  contained  a  recent  corpus  luteum. 
The  endometrium  of  the  excised  uterus  showed  an  early  progestational 
reaction.  Determinations  of  urinary  sodium  pregnanediol  glucuronide  were 
made  during  the  72  hours  immediately  prior  to  operation.  Negative  findings 
were  obtained  for  the  first  24-hour  interval  and  for  the  24-hour  interval 
immediately  preceding  operation.  During  the  other  24-hour  interval  7.2  mg. 
was  excreted.  Negative  findings  were  secured  upon  the  urine  voided  during 
the  first  72  hours  after  operation. 

These  three  observations  indicate  that  the  excretion  of  the  pregnanediol 
complex  is  dependent  upon  the  presence  of  the  uterus  and  of  a  corpus  luteum. 
The  delayed  excretion  of  4  mg.  of  the  pregnanediol  complex  during  the 
fourth  postoperative  day  after  hysterectomy  in  the  instance  of  the  second 
patient  may  be  related  to  an  impaired  renal  function  which  was  overcome 
by  the  diuresis  afforded  by  an  ample  intake  of  fluids. 

Observations  after  curettage  during  the  progestational  stage  of  the  cycle. 
Data  were  secured  in  3  instances  before  and  after  curettage  during  the 
progestational  phases  of  3  patients  who  had  had  menorrhagia. 

A  white,  married  woman,  aged  45  years,  para  10-4-6,  received  a  curettage 
of  the  uterus  on  the  23rd  day  of  her  cycle.  The  endometrium  was  observed 
to  be  in  an  early  progestational  stage.  For  the  two  days  prior  to  curettage 
the  patient  excreted  respectively  5.8  mg.  and  3.0  mg.  of  sodium  pregnanediol 
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glucuronide.  The  next  24'hour  specimen  of  urine,  which  contained  two 
voidings  prior  to  curettage,  yielded  2.6  mg.  The  subsequent  24'hour  specimen 
gave  negative  test  results. 

A  white,  married  woman,  aged  36  years,  para  6'2'3,  had  a  curettage  of 
the  uterus  on  the  23rd  day  of  her  menstrual  cycle.  She  had  received  therapy 
with  1000  mg.  hours  of  radium  3  years  before  at  another  hospital.  There  was 
temporary  relief  from  the  excessive  bleeding.  The  endometrium  removed  at 
curettage  showed  a  rather  normal  progestational  response.  No  sodium  preg' 
nanediol  glucuronide  was  found  in  the  specimens  of  urine  passed  during 


Fig.  2.  Correlations  of  therapy,  endometrial  findings  and  the  excretion  of  sodium  pregnanediol 
glucuronide  in  functional  uterine  bleeding.  First  patient.  Explanations:  Sohd  black  blocks  indicate  uterine 
flowing;  shaded  blocks  indicate  the  excretion  of  sodium  pregnanediol  glucuronide  in  mg./24  hours; 
negative  values  are  indicated  by  o;  J  denotes  endometrial  biopsy;  J  indicates  curettage;  M  signifies 
a  mixed  endometrium,  one  showing  an  irregular  progestational  reaction;  £  indicates  a  persistent  estro' 
genic  endometrium. 


the  72  hours  preceding  operation  and  none  during  the  first  24  hours  after' 
wards. 

A  white,  married  woman,  aged  38  years,  para  ii'6'5,  had  a  curettage 
of  the  uterus  on  the  25th  day  of  her  cycle.  The  endometrium  was  progesta' 
tional  in  character.  During  the  48  hours  prior  to  operation,  1.4  mg.  of  sodium 
pregnanediol  glucuronide  was  excreted.  During  the  48  hours  immediately 
following  operation  none  was  excreted. 

These  observations  suggest  that  the  intact  endometrium  is  necessary 
for  the  complete  metabolism  of  progesterone  and  the  excretion  of  sodium 
pregnanediol.  These  also  correlate  the  progestational  phase  of  the  menstrual 
cycle  with  the  urinary  excretion  of  this  compound. 

Observations  upon  a  patient  with  delayed  adolescence  and  menarche  due 
to  primary  hypoovarianism.  A  white  girl,  aged  17  years,  was  referred  for 
treatment  of  delayed  adolescence  and  menarche.  Physical  examination 
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showed  a  developmental  status  comparable  to  the  late  juvenile  period.  The 
uterus  and  cervix  corresponded  in  size  and  contour  to  this  stage  of  develop' 
ment. 

After  a  preliminary  test  of  therapy  with  an  anterior  pituitary  extract, 
containing  gonadotropic  and  thyrotropic  fractions,  which  yielded  no  clinical 
results,  cyclic  treatment  with  ovarian  sterols  was  initiated.  During  this  latter 
treatment  determinations  of  sodium  pregnanediol  glucuronide  were  made 
upon  daily  24'hour  specimens  of  urine. 

Treatments  were  given  as  follows.  From  April  13  to  28  inclusive,  10,000 
i.u.  of  estrone^  was  given  intramuscularly  daily,  making  a  total  dosage  for 
the  series  of  140,000  i.u.  From  April  29  to  May  6,  inclusive,  5  i.u.  of  prcK 
gesterone®  was  given  intramuscularly  daily,  making  a  total  dosage  for  the 


Fig.  3.  Correlations  of  therapy,  endometrial  findings  and  the  excretion  of  sodium  pregnanediol 
glucuronide  in  functional  uterine  bleeding.  Second  patient.  Explanations:  similar  to  those  in  figure  2. 

series  of  35  i.u.  From  May  13  to  20,  inclusive,  20,000  i.u.  of  estrone  was 
given  intramuscularly  daily  and  from  May  21  to  28,  inclusive,  10,000  i.u. 
of  estrone  was  administered  similarly,  making  a  total  dosage  for  the  series  of 
200,000  I.u.  No  bleeding  followed  these  treatments  although  some  enlarge' 
ment  of  the  breasts  and  the  uterus  occurred.  All  daily  urinary  specimens 
were  consistently  negative  for  sodium  pregnanediol  glucuronide  during  the 
entire  period  of  treatment  which  extended  from  April  14  to  May  27. 

The  failure  of  the  uterus  to  respond  with  bleeding  after  two  periods  of 
estrogenic  therapy  indicates  an  endometrial  inadequacy  of  function  as  well 
as  one  of  anatomic  structure.  The  failure  of  excretion  of  sodium  pregnanediol 
glucuronide,  despite  the  injection  of  35  i.u.  of  progesterone  (the  chemical 
equivalent  of  approximately  58  mg.  of  the  pregnanediol  complex)  suggests 
that  some  degree  of  functional  adequacy  of  the  endometrium  is  necessary 
for  the  normal  metabolism  of  progesterone. 

Observations  upon  a  patient  with  amenorrhea  of  long  standing  following 
roentgenotherapy.  A  single,  white  woman  aged  31  years,  had  had  no  men' 
struation  since  roentgenotherapy  of  the  ovaries  and  uterus  6  years  previous 
as  a  method  of  treatment  for  severe  dysmenorrhea.  During  this  interval  of 
amenorrhea  approximately  6  episodes  of  free  estrogenic  bleeding  had  fob 
lowed  cyclic  therapy  with  the  ovarian  sterols.  Repeatedly,  there  had  been 
failure  to  find  any  increased  gonadotropic  titers  of  the  urine.  The  genital 


*  Theelin  supplied  by  Parke,  Davis  Co.,  Detroit,  Mich,  and  amniotin  furnished  by  E.  R.  Squibb 
and  Sons,  New  Brunswick,  N.  J. 

*  Proluton  suppUed  by  Sobering  Corp.,  Bloomfield,  N.  J. 
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system  showed  no  regressive  signs  except  repeatedly  a  poorly  proliferated 

estrogenic  endometrium  at  biopsy. 

Determinations  of  the  urinary  titers  of  sodium  pregnanediol  glucuronide 

were  made  upon  daily  24'hour  specimens  of  urine  from  April  21 
inclusive.  The  following  data  were  obtained. 

to  July  2,0 

Pregnanediol 

complex 

June  28  to  29 . 

a 

mg. 

June  29  to  30 . 

4 

April  21  to  24,  inclusive .  o 

July  y  to  18  inclusive . 

0 

April  24  to  25 .  6 

July  18  to  19. . . 

2 

April  2 y  to  26 .  7 

July  19  to  20 . 

0 

April  26  to  May  29,  inclusive .  0 

July  20  to  21 . 

2 

May  29  to  30 .  4 

July  21  to  23  inclusive . 

0 

May  30  to  June  19,  inclusive .  0 

July  23  to  24 . 

6 

June  20  to  21 .  6 

July  24  to  2y . 

6 

June  21  to  22 .  2 

July  2y  to  26 . 

4 

June  22  to  23 .  2 

July  26  to  27 . 

0 

June  23  to  24 .  4 

July  27  to  28 . 

4 

June  24  to  25 .  0 

July  28  to  29 . 

0 

During  the  latter  part  of  this  period  of  observation  treatment  with  a 

gonadotropic  extract  prepared  from  the  serum  of  pregnant  mares^ 

‘  was  given 

as  follows. 

June  3 . 

.  10  R.U. 

June  4 . 

June  6  to  II,  inclusive . 

June  13  to  18,  inclusive. . . . 

.  20  R.U.  daily 

June  20  to  2y,  inclusive. . . . 

June  27  to  28,  inclusive. . . . 

Total  dosage  for  series _ 

.  4JO  R.U. 

July  1 1  to  16,  inclusive . . . 

July  18  to  23,  inclusive. . . 

.  20  R.U.  daily 

July  2y . 

July  26  to  30,  inclusive . . . 

.  40  R.U.  daily 

Total  dosage  for  series. . . . 

.  460  R.U.  daily 

During  the  treatment  no  enlargement  of  the  ovaries  was  found  in  re' 
pea  ted  pelvic  examinations.  An  endometrial  biopsy  at  the  conclusion  of 
treatment  yielded  a  poorly  proliferated  estrogenic  endometrium. 

These  observations  indicate  that  the  patient  was  having  spontaneous 
ovarian  cycles  during  which  progesterone  was  elaborated,  metabolized  and 
excreted  as  sodium  pregnanediol  glucuronide,  although  no  progestational 
changes  occurred  in  the  endometrium  and  although  no  uterine  flowing  re- 
suited.  Some  evidence  exists  that  these  cycles  were  amplified  by  the  gonad' 
otropic  therapy.  The  source  of  the  patient’s  progesterone  is  unknown:  one 
is  inclined  to  hazard  a  guess  that  it  came  from  the  granulosal  luteinization  of 
follicles  rather  than  from  post'ovulational  corpora  lutea,  in  view  of  the 
failure  to  observe  any  enlargement  of  the  small  sclerotic'feeling  ovaries 
spontaneously  or  during  therapy.  These  observations  indicate  also  that  a 
poorly  prohferated  estrogenic  endometrium  is  capable  of  metabolizing  pro' 
gesterone,  although  it  cannot  utilize  it  to  become  differentiated  into  a 
progestational  phase. 

*  Gonadogcn,  supplied  by  Upjohn  Co.,  Kalamazoo,  Mich. 
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Observations  upon  a  patient  with  endocrine  sterility.  A  white,  married 
woman,  aged  30  years,  had  been  married  for  6  years.  There  had  been  no 
pregnancies.  There  were  no  significant  physical  findings.  She  had  had  ab' 
solutely  irregular  bleeding  since  her  menarche  at  13  years  of  age.  The  in- 
terval  between  flowings  had  varied  from  5  weeks  to  3  months.  An  en' 
dometrial  biopsy  on  March  16,  2  days  prior  to  the  onset  of  an  episode  of 
bleeding  showed  an  estrogenic  endometrium.  Determinations  of  urinary 
titers  of  sodium  pregnanediol  glucuronide  were  made  upon  daily  24'hour 
specimens  from  March  30  to  April  29,  when  the  patient  had  another  episode 
of  bleeding,  lasting  4  days.  The  data  secured  were  as  follows. 


Pregnanediol  April  ii  to  13 .  J7 


complex 

mg. 


March  JO  to  3 1 .  9 

April  I  to  2 .  o 

April  2  to  3 .  6 

April  3  to  4 .  8 

April  4  to  y .  18 

April  5  to  6 .  o 

April  6  to  7 .  12 

April  7  to  8 .  o 

April  8  to  9 .  I 

April  9  to  10 .  6 

April  10  ton .  i 

April  II  to  12 .  4 


April  ij  to  14 . 5 

April  14  to  15 .  y 

April  I  y  to  16 .  i 

April  16  to  17 .  o 

April  17  to  18 .  I 

April  18  to  19 .  o 

April  19  to  20 .  I 

April  20  to  21 .  I 

April  21  to  22 .  o 

April  22  to  23 .  I 

April  2 3  to  24 .  1 

April  24  to  29,  inclusive .  o 

Total  excretion  for  cycle .  1 18 


An  endometrial  biopsy  was  taken  April  27  and  the  endometrium  ob' 
tained  was  of  persistent  estrogenic  character. 

These  observations  indicate  that,  while  an  endometrium  of  estrogenic 
character  may  permit  metabolism  of  the  progesterone  elaborated  by  the 
ovaries  and  while  sodium  pregnanediol  glucuronide  may  be  excreted  subse^ 
quently  in  larger  amounts  than  are  usually  considered  to  be  the  average 
normal,  the  amount  of  the  substance  excreted  does  not  indicate  an  en^ 
dometrium’s  ability  to  utilize  progesterone  for  progestational  differentiation. 
These  findings  suggest  the  possibility  of  some  renal  factors  existing  which 
lower  the  renal  threshold  to  the  pregnanediol  complex.  They  likewise 
demonstrate  a  common  fallacy  of  diagnosing  ‘anovulatory’  or  ‘aluteal’  bleed' 
ing  from  biopsies  which  yield  estrogenic  endometria.  There  is  a  possibiUty 
that  an  endometrial  refractivity  to  progesterone  existed  in  this  patient. 

Observations  upon  patients  with  functional  uterine  bleeding.  Two  patients 
with  functional  uterine  bleeding  were  followed  each  during  4  cyclic  series 
of  therapy  with  estrogenic  substances  and  of  progesterone,  by  studies  of 
their  excretion  of  sodium  pregnanediol  glucuronide.  The  following  data 
were  secured. 

A  married  colored  woman,  aged  22  years,  para  O'O'O,  had  had  excessive 
bleeding  for  3  weeks.  There  were  no  significant  findings  except  for  moderate 
anemia  and  persisting  free  uterine  bleeding.  The  data  concerning  the  episodes 
of  uterine  bleeding,  treatments,  endometrial  findings  from  biopsies  and  the 
values  for  the  urinary  excretion  of  the  pregnanediol  complex  are  shown  in 
figure  2. 

A  single  colored  woman,  aged  20  years,  had  required  curettage  for  an 
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episcxle  of  excessive  uterine  bleeding  which  had  lasted  5  weeks  and  which 
had  resulted  in  a  severe  grade  of  anemia.  There  were  no  other  significant 
physical  findings.  Figure  3  gives  the  significant  data  in  regard  to  the  episodes 
of  bleeding,  treatments,  endometrial  findings  from  biopsies  and  the  values 
for  the  urinary  excretion  of  the  pregnanediol  complex. 

In  the  first  of  these  patients,  4.5  mg.  of  the  pregnanediol  complex  was 
excreted  in  the  first  24  hours  after  the  prolonged  episode  of  bleeding  ceased. 
Its  excretion  continued  during  the  next  12  days,  a  total  amount  of  49.5  mg. 
being  excreted.  This  excretion  occurred  during  the  time  when  estrogenic 
substance^  was  being  administered  in  daily  amounts  of  10,000  i.u.  It  is  sig' 
nificant  to  observe  that  both  patients  in  all  8  cycles  failed  to  excrete  the 
pregnanediol  complex  when  they  were  being  given  progesterone.  Similarly 
the  first  patient  excreted  totals  of  18.4  mg.,  36  mg.  and  43  mg.  of  sodium 
pregnanediol  glucuronide  during  the  next  three  cycles  of  therapy. 

The  second  patient,  likewise,  excreted  (in  smaller  amounts  than  the  first 
patient)  sodium  pregnanediol  glucuronide  while  she  was  receiving  estrogenic 
therapy;  the  total  excretions  were  21.6 mg.,  1.9 mg.,  7  mg.  and  4  mg.  during 
the  first,  second,  third  and  fourth  series  of  therapy,  respectively.  In  both 
patients  the  episodes  of  bleeding  which  followed  these  treatments  occurred 
from  estrogenic  endometria. 

The  data  indicate  that  the  ovaries  of  both  patients  formed  progesterone 
spontaneously  despite  estrogenic  therapy  and  that  the  endometria  were  not 
able  to  utilize  progesterone  to  the  extent  of  developing  progestational 
changes.  The  intrinsic  progesterone  was  altered  apparently  by  the  en- 
dometria  into  pregnanediol  and  was  excreted,  after  conjugation  with  glu' 
curonic  acid,  as  sodium  pregnanediol  glucuronide.  The  extrinsic  progesterone 
(that  given  by  injection)  was  not  metabolized;  it  either  was  destroyed  or  ex' 
creted  in  some  form  other  than  the  pregnanediol  complex. 

DISCUSSION 

Marked  variations  occur  in  the  character  of  the  curves  of  urinary  excre' 
tion  of  sodium  pregnanediol  glucuronide  in  women  thought  to  be  experience 
ing  normal  menstrual  cycles.  Correlations  may  exist  between  the  total 
amount  of  the  compound  excreted  and  the  degree  of  endometrial  prolifera' 
tion,  although  no  data  in  this  regard  are  available  at  present.  The  excretion  is 
not  continuous  throughout  the  progestational  cycle;  this  irregularity  seems 
to  be  more  likely  related  to  endometrial,  renal  or  hepatic  factors  than  to 
ovarian  ones. 

The  relationship  of  the  excretion  of  the  pregnanediol  complex  to  the 
onset  of  menstruation  is  most  irregular.  Its  excretion  may  continue  during 
actual  flowing.  Since  urine  contaminated  with  menstrual  blood  does  not 
lend  itself  to  effective  extraction  by  this  method,  no  data  in  regard  to  the 
urinary  titers  during  menstruation  have  been  reported.  Our  group  at  present 
is  making  studies  of  these. 

No  data  have  been  secured  which  yield  information  regarding  the  mini' 
mal  amount  of  progesterone  which  must  be  metabolized  (minimal  amount  of 

*  Progynon-B  supplied  by  Schcring  Corp.,  Bloomfield,  N.  J. 
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sodium  pregnanediol  glucuronide  excreted)  in  order  to  result  in  a  full  pro¬ 
gestational  reaction  of  the  endometrium. 

The  appearance  of  sodium  pregnanediol  glucuronide  in  the  urine  is  de' 
pendent  upon  four  factors,  ovarian,  endometrial,  hepatic  and  renal.  Altera^ 
tions  in  any  of  these  are  reflected  in  the  metabolism  of  progesterone.  An 
understanding  of  the  complete  metabolism  of  progesterone  requires  data  in 
regard  to  the  functional  status  of  all  four  factors.  A  method  of  estimating 
the  levels  of  progesterone  or  its  metabolic  products  in  the  blood  is  highly 
desirable  in  order  to  formulate  values  for  the  renal  threshold.  Other  possible 
methods  of  excretion  or  destruction  of  progesterone  must  be  considered. 

The  data  submitted  by  us  concern  the  ovarian  and  endometrial  factors 
in  the  metabolism  of  progesterone.  Evidence  has  been  presented  that  the 
removal  of  ovaries  containing  recent  corpora  lutea  results  in  the  disappear^ 
ance  of  the  pregnanediol  complex  from  the  urine.  Hysterectomy  has  a  similar 
effect.  That  the  effect  of  hysterectomy  is  due  to  the  loss  of  the  endometrium 
is  shown  by  the  fact  that  removal  of  a  progestational  endometrium  by  curet' 
tage  is  followed  by  a  cessation  of  the  excretion  of  the  pregnanediol  complex. 

Certain  observations  have  been  made  upon  character  and  functional 
abilities  of  the  endometria  which  are  capable  of  metaboHzing  progesterone. 
The  presence  of  an  endometrium,  per  se,  does  not  insure  that  it  is  capable 
of  performing  this  function.  Immature  or  markedly  hypoplastic  ones  cannot 
fulfill  this  role.  Evidence  seems  to  exist  that,  if  sufficient  endometrial  sub' 
strate  does  not  exist  to  permit  bleeding  after  intensive  estrogenic  therapy, 
adequate  functional  capacity  is  not  present  to  metabolize  progesterone. 
There  seems  good  reason  for  the  belief,  therefore,  that  progesterone  must  be 
altered  by  the  endometrium  before  it  can  be  used  for  progestational  dif' 
ferentiation.  This  is  doubtless  the  basis  for  the  necessity  of  ‘priming’  or 
‘sensitizing’  immature  or  atrophic  endometria  if  progestational  reactions  are 
to  be  secured  from  treatment  with  the  active  principle  of  the  corpus  luteum. 

The  ability  of  an  endometrium  to  alter  progesterone  to  pregnanediol 
does  not  warrant  the  assumption  that  this  endometrium  can  use  the  metabo' 
lized  progesterone  for  progestational  proliferation.  Several  observations  are 
submitted  which  indicate  that  the  appearance  of  the  pregnanediol  complex 
in  the  urine  may  not  be  associated  with  the  formation  of  a  progestational 
reaction  of  the  endometrium.  Even  larger  amounts  of  the  pregnanediol  com' 
plex  than  those  considered  to  be  average  normals  may  be  followed  by  no 
characteristic  endometriotropic  alterations.  These  observations  point  out  the 
fallacy  of  designating  bleeding  which  occurs  from  estrogenic  endometriums 
as  being  ‘anovulatory’  or  ‘aluteal’  in  character.  Much  of  the  functional 
bleeding  commonly  encountered  and,  doubtless,  some  supposedly  normal 
menstrual  cycles  are  associated  with  varying  curves  of  excretion  of  sodium 
pregnanediol  glucuronide  and  with  diverse  types  of  endometrial  architecture 
which  either  fail  to  show  any  progestational  alterations  or  which  are  those 
characterized  by  irregularities  such  as  ‘irregular  ripening.’  These  instances 
of  the  ovaries  and  endometria  being  ‘out  of  pace’  with  each  other  have  been 
considered  to  be  due,  in  part,  to  a  lowered  sensitivity  or  refractivity  of  the 
endometrium. 
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The  observations  reported  upon  one  of  our  patients  point  to  the  existence 
of  cyclic  ovarian  function  without  any  bleeding  or  significant  endometrial 
alterations.  While  the  total  cyclic  amounts  of  the  pregnanediol  complex 
excreted  by  this  patient  during  the  four  cycles  reported  were  not  equivalent 
to  the  average  normal  values,  they  were  at  times  as  large  as  the  lower  ones 
for  the  two  normal  patients  studied.  While  the  source  of  the  progesterone  in 
this  patient  may  have  been  from  marginal  luteinization  of  the  granulosa  of 
follicles  rather  than  from  post'ovulational  corpora  lutea,  the  assumption  ap' 
pears  warranted  that  the  endometrial  structure  cannot  be  used  infallibly 
as  a  diagnostic  mirror  which  reflects  the  level  of  ovarian  function. 

The  endometrium  apparently  may  differ  in  its  ability  to  metabolize 
intrinsic  progestin  and  extrinsic  (injected)  progesterone.  In  two  patients 
sodium  pregnanediol  glucuronide  appeared  in  the  urine  during  a  total  of  8 
cycles  when  the  patients  were  not  receiving  injections  of  progesterone  but 
failed  to  be  excreted  during  the  times  when  injections  were  being  given. 
No  data  have  been  secured  from  our  studies  that  patients  can  metabolize 
crystalline  free  progesterone  when  it  is  given  by  injections.  Our  failure, 
however,  to  observe  excretion  of  the  pregnanediol  complex  after  injections 
of  progesterone  does  not  indicate  that  it  cannot  be  metabolized  by  many 
patients. 

SUMMARY 

The  daily  urinary  excretion  of  sodium  pregnanediol  glucuronide  was 
determined  by  the  method  of  Venning  in  various  wome®  dives^e  leVrisi 
of  ovarian  function.  Certain  ones  of  th^se  were  under  artiye  jMidocrine 
therapy,  while  others  were  having  diffident  surgicabprocedures.  Studies  of 
endometrial  specimens  obtained  by  curettage  and  biopsy  were  correlated 
with  the  hormonal  titers.  The  data  secured  led  to  the  following  conclusions. 

Four  factors  are  concerned  in  the  metabolism  of  progesterone  and  in  the 
subsequent  urinary  excretion  of  sodium  pregnanediol  glucuronide:  a),  ovar' 
ian,  involving  the  formation  of  progesterone  by  post'ovulational  corpora 
lutea  and  possibly  from  the  marginal  granulosal  luteinization  of  follicles; 
b),  endometrial,  concerned  with  the  alteration  of  progesterone  into  preg' 
nanediol;  c),  hepatic,  which  brings  about  the  conjugation  of  pregnanediol 
with  glucuronic  acid;  and  d),  renal,  involving  the  excretion  of  sodium 
pregnanediol  glucuronide. 

The  excretion  of  this  compound  indicates  the  functional  capacity  of  all 
these  factors;  the  absence  of  the  compound  from  the  urine  indicates  the 
functional  failure  of  one  or  more  of  the  factors.  A  failure  of  excretion  is  not 
conclusive  evidence  that  ovarian  function  is  inadequate.  The  excretion  of 
the  pregnanediol  complex  is  not  evidence  that  an  endometrium  is  undergoing 
progestational  proliferation.  As  a  corollary  to  this,  bleeding  which  occurs 
from  an  estrogenic  endometrium,  is  not  proof  that  the  ovaries  are  not  form' 
ing  progestin. 

REFERENCES 

1.  Adler,  A.  A.,  P.  de  Fremery  and  M.  Tausk:  T^oture  133: 193.  1934. 
a.  Ehrhardt,  K.:  Miinchen.  med.  Wchnschr.  81:  869.  1934. 


L 


12 


E.  C.  HAMBLEN.  C.  ASHLEY  AND  M.  BAPTIST 


Volume  24 


5.  Clauberg,  C.,  H.  W.  Thiel  and  R.  Ziecker:  Arch.  f.  Gyna\.  152;  61. 1932. 

4.  Pratt,  J.  P.,  E.  C.  Hamblen,  O.  Kamm  and  D.  A.  McGinty:  Endocrinology  20: 741. 1936. 

5.  Loewe,  S.,  and  H.  E.  Voss:  Schweiz,  tried.  Wchnschr.  64:  1049.  *954- 

6.  Bloch,  P.  W.:  Endocritiology  20:  307.  1936. 

7.  Marrian,  G.  F.:  Biochetn.  J.  23:  1090.  1929. 

8.  Dingemanse,  E.,  S.  E.  de  Jongh,  S.  Kober  and  E.  Laqueur:  Deutsch.  tried.  Wchmehr.  56: 301. 
1930. 

9.  Butenandt,  a.:  Ber.  d.  deutsch.  chem.  Gesellsch.  63:  6^9.  1930. 

10.  Butenandt,  A.,  F.  Hildebrandt  and  H.  BrGcher:  Ber.  d.  d^sch.  chem.  Gesellsch.  64:  2529. 1931. 

11.  Butenandt,  A.,  and  J.  Schmidt:  Ber.  d.  deutsch.  chem.  Gesellsch.  67:  1901.  1934. 

12.  Cohen,  S.  L.,  G.  F.  Marrian  and  M.  Watson:  Lancet  1:  674.  1935. 

13.  Adler,  A.  A.:  Hature  133:  798.  1934. 

14.  Venning,  E.  M.,  and  J.  S.  L.  Browne:  Proc.  Soc.  Exper.  Biol.  &  Med.  34: 792. 1936. 

15.  Odell,  A.  D.,  and  G.  F.  Marrian:  Biochem.  J.  30:  1533.  1936. 

16.  Venning,  E.  M.,  J.  S.  Henry  and  J.  S.  L.  Browne:  Cariad.  M.  A.  /.  36: 83. 1937. 

17.  Venning,  E.  H.:/.  Biol.  Chem.  119:  473.  1937. 

18.  Venning,  E.  H.,  and  J.  S.  L.  Browne:  Endocrinology  21 : 711. 1937. 

19.  Venning,  E.  H.,  and  J.  S.  L.  Browne:  Am.  J.  Physiol.  123:  209. 1938. 


THERAPEUTIC  USE  OF  THE  SEX  STEROLS  IN 
FUNCTIONAL  MENO'METRORRHAGIA' 


E.  C.  HAMBLEN 

From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and 
Gynecology,  Du\e  University  School  of  Medicine  and  Hospital 

DURHAM,  NORTH  CAROLINA 

Functional  irregularities  of  uterine  bleeding  are  due  in  the  final  analysis 
to  disturbances  in  the  physiologic  reciprocities  of  the  ovaries  and  uterus. 
The  exciting  factors  may  be  intrinsic  in  these  or  may  be  extrinsic  endocrine 
or  non'endocrine  ones.  Rational  therapeutic  endeavors  should  be  directed 
at  the  level  of  the  primary  alterations.  As  a  rule  treatment  which  employs 
surgery,  radium  or  roentgen^rays  is  an  admission  of  the  defeat  of  specific 
endocrine  therapy. 

ETIOLOGIC  FACTORS 

In  view  of  the  controversial  nature  of  certain  observations  permitted  from  the 
data  to  be  submitted,  some  consideration  of  the  etiology  of  functional  bleeding 
seems  justified.  A  certain  group  of  patients,  identified  with  comparative  ease,  com- 
prises  those  in  whom  bleeding  is  only  one  of  the  symptoms  and  signs  of  obvious 
endocrine  disease.  Other  groupings  are  apparent  in  which  significant  etiologic  cor' 
relates  include  gynecologic,  nutritional,  metabolic,  hematologic,  constitutional  and 
other  factors.  There  is  a  large  residual  group  in  which  nothing  significant  is  found 
on  diagnostic  survey  except  perhaps  that  bleeding  occurs  from  an  abnormal  endo' 
metrial  pattern  (i). 

Many  theories  have  been  advanced  in  regard  to  the  endocrine  status  of  this 
last  group.  These  have  assumed,  for  the  most  part,  that  alterations  in  the  gonado' 
tropic  influences  of  the  pituitary  existed  and  that,  because  of  these,  there  occurred 
a  failure  of  the  normal  biphasic  ovarian  and  endometrial  cycles.  Most  descriptions 
of  ovarian  and  endometrial  correlates  in  functional  bleeding  have  emphasized  poly' 
cystic  ovaries  and  excessively  proliferated  endometria  as  common  findings.  Most 
theories  have  neglected  to  consider  three  possible  aberrations,  a).  Assuming,  in 
general,  that  the  endometrial  architecture  is  a  trustworthy  mirror  in  which  the 
level  of  activity  of  the  ovaries  is  reflected,  the  possibility  has  been  neglected  that 
an  endometrial  response  might  be  minimal  or  maximal  to  a  given  ovarian  influence 
or,  in  other  words,  that  the  endometrium  might  get  out  of  pace  with  the  ovaries, 
b).  The  ovaries  have  been  regarded  generally  to  be  obedient  to  the  regulatory  in' 
fluences  of  the  pituitary  and  little  account  has  been  taken  of  possible  variations  in 
ovarian  receptivity  which  may  lead  to  minimal  or  maximal  responses  to  a  given 
gonadotropic  level,  c).  The  reciprocities  of  the  ovaries  and  pituitary,  while  con' 
sidered  in  recent  schema  of  the  hormonology  of  menstruation,  such  as  that  of  Sever' 
inghaus  (2),  have  not  been  applied  generally  to  functional  bleeding  with  the  result 

*  Read  by  title  before  the  Twenty'second  Annual  Meeting  of  the  Association  for  the  Study  of 
Internal  Secretions,  San  Francisco,  Calif.,  June  13, 1938. 
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that  the  possibility  has  been  overlooked  that  alterations  in  the  function  of  the 
pituitary  may  be  the  result  rather  than  the  cause  of  ovarian  pathology. 

The  determination  of  hormonal  titers  of  the  various  fluids  of  the  body  has  not 
permitted  a  segregation  of  the  individual  glandular  components  of  this  disturbance 
of  pituitary'ovarian'endometrial  harmony.  Recent  studies  of  the  author  and  his 
group  (3)  upon  the  urinary  excretion  of  sodium  pregnanediol  glucuronide  have  yielded 
some  striking  observations;  these  will  form  a  separate  communication,  although  some 
of  these  data  will  be  submitted  and  conunented  upon  briefly  in  this  paper. 

ENDOMETRIAL  AND  OVARIAN  CORRELATES 

Bleeding  may  occur  at  any  stage  of  the  ovarian'endometrial  cycle  and  may  be 
associated  with  ovaries  and  endometria  which  show  no  anatomic  or  histopathologic 
aberrations.  While  a  group  of  patients  shows  cystic  alterations  of  the  ovaries  and 
some  excessive  proliferation  of  the  endometrium,  these  findings  are  not  constant  for 
the  individual  patient  nor  are  they  predominant  for  the  majority  of  patients.  The 
author  has  described  previously  (i,  4)  various  endometrial  patterns  which  are  asscn 
ciated  with  functional  disturbances  of  uterine  bleeding  and  he  has  encountered 
fairly  constant  ovarian  correlates  for  these. 

The  study  of  multiple  endometrial  biopsies  has  yielded  valuable  data  in  regard 
to  the  varying  histology  of  the  endometrium.  The  conclusion  that  bleeding  has  OC' 
curred  from  a  certain  endometrial  pattern  is  justified  only  when  a  specimen  is  ob' 
tained  during  the  first  12  to  24  hours  of  an  episode  of  spontaneous  bleeding.  Endo' 
metrial  specimens  obtained  prior  to  a  flowing  are  significant  for  interpretation  only 
when  one  is  certain  that  the  subsequent  bleeding  is  not  of  traumatic  origin.  When 
bleeding  has  been  established  as  associated  with  an  endometrial  pattern,  this  his- 
tologic  architecture  can  be  regarded  only  as  the  total  endometriotropic  result  of  all 
etiologic  factors  which  have  altered  the  physiologic  integrations  of  the  pituitary- 
ovarian-endometrial  system.  Individual  etiologic  factors  cannot  be  read  from  these 
patterns.  The  diagnosis  of  an  endometrial  pattern  does  not  constitute  a  complete 
evaluation  of  the  etiologic  factors.  The  technic  of  endometrial  biopsy  is  more 
valuable  as  a  method  of  evaluating  the  final  results  of  therapy  than  as  a  diagnostic 
method. 

GONADOTROPIC  THERAPY 

Since  most  functional  bleeding  apparently  occurs  from  estrogenic  endometria, 
gonadotropic  extracts  have  been  considered  indicated  as  specific  therapeutic  agents 
capable  of  inducing  ovulation  and  proliferation  of  corpora  lutea. 

The  author  and  his  associates  have  reported  (5),  in  a  number  of  previous  com¬ 
munications,  that  no  evidence  exists  that  the  gonadotropes  derived  from  pregnancy 
urine,  placenta  or  the  anterior  lobe  of  the  pituitary  when  employed  singly  or  to¬ 
gether  were  capable  of  inducing  ovulation,  or  the  formation  of  corpora  lutea,  in 
patients  with  estrogenic  bleeding.  Several  of  the  more  recent  of  these  communica¬ 
tions  summarized  the  observations  upon  85  patients  and  included  those  upon  7 
patients  in  whom  total  doses  had  varied  from  6000  to  24,250  R.u.  and  the  daily  doses 
had  ranged  from  400  to  8000  r.u. 

In  view  of  reports  by  certain  other  workers  (6),  that  supernumerary  corpora 
lutea  were  observed  in  women  menstruating  normally  after  this  form  of  treatment 
and  because  occasional  apparent  instances  of  these  had  been  observed  by  the  author, 
a  theory  was  suggested  (i)  that  variations  in  ovarian  receptivity  and  refractivity 
were  possible  explanations  of  these  contrary  observations.  It  has  been  suggested  (i) 


January,  1939 


THERAPY  WITH  SEX  STEROLS 


15 


that  the  occurrence  of  these  supernumerary  corpora  lutea  may  be  the  result  of  sum' 
mational  or  augmentational  effects  of  the  gonadotropes  of  pregnancy  urine  or  of  the 
placenta  upon  the  pituitary. 

Recently  there  has  been  a  renewal  of  interest  in  gonadotropes  due  to  the  report 
by  Davis  and  Koff  that  a  single  intravenous  dose  of  a  new  extract  containing  gonado' 
tropes  (prepared  from  the  serum  of  pregnant  mares)  induced  supernumerary  corpora 
lutea  in  a  large  percentage  of  women  menstruating  reguhrly.  The  author  using  rather 
large  doses  of  another  extract  of  similar  origin  had  been  unable  to  induce  any  changes 
in  the  ovaries  of  women  with  functional  bleeding  by  means  of  intramuscular  ad' 
ministration.  Unpublished  observations  (7)  concerning  the  intravenous  use  of  the 
same  extract  used  by  Davis  and  Koff,  although  at  times  much  larger  doses  were  used, 
have  not  indicated  that  ovulation  and  the  formation  of  corpora  lutea  were  induced 
in  women  with  estrogenic  bleeding. 

Two  courses  seemed  open  in  the  reconciliation  of  these  data:  one  to  discount 
observations  which  deal  with  supernumerary  corpora  in  women  menstruating  regu' 
larly,  and  the  other  to  assume  that  in  patients  with  functional  estrogenic  bleeding  a 
lowered  receptivity  or  refractivity  of  the  ovaries  for  gonadotropes  exists.  The  author 
has  chosen  the  latter  exphnation.  An  extension  of  this  theory  suggests  the  possi' 
bility  that  unwise  gonadotropic  therapy  may  increase  the  degree  of  refractivity 
transforming  minor  and  temporary  episodes  into  more  marked  and  lasting  ones. 

THERAPEUTIC  USE  OF  SEX  STEROLS 

The  author  and  his  group  have  previously  reported  (8)  certain  data,  which, 
while  they  do  not  constitute  the  material  to  be  considered  in  detail  in  this  report, 
warrant  summarization  for  the  sake  of  completeness. 

Estrogens.  Certain  pharmacologic  properties  of  these  sterols  seem  to  offer  thera' 
peutic  applications,  a).  When  an  inadequate  developmental  substrate  exists,  estro' 
gens  may  produce  sufficient  uterine  development  to  allow  a  more  normal  endometrial 
response  to  ovarian  influences,  b).  Bleeding  from  estrogenic  endometria  may  be  con' 
trolled  by  estrogens,  if  the  assumption  that  this  bleeding  is  due  to  estrogenic  de' 
ficiency  be  true,  c).  Bleeding  associated  with  premature  or  excessive  progestational 
reaction  of  the  endometrium,  if  it  occurs,  may  be  influenced  beneficially  by  over' 
riding  the  function  of  the  corpus  luteum  with  estrogens,  d).  Bleeding  due  to  aberra' 
tions  in  the  function  of  the  pituitary,  if  it  occurs,  may  be  altered  by  the  retrograde 
effects  of  estrogens  on  the  pituitary.  The  alterations  in  the  function  of  the  pituitary 
secondary  to  those  in  the  ovaries  may  be  effected  similarly. 

The  author  has  reported  in  previous  communications  that  daily  injections  of 
10,000  to  20,000  i.u.  of  estrogens  stop  bleeding  from  estrogenic  endometria  within 
an  interval  of  from  two  or  three  days  in  most  patients.  Bleeding  recurs  usually  within 
from  3  to  10  days  after  cessation  of  therapy.  In  a  recent  series  of  15  patients  this  form 
of  treatment  offered  an  effective  method  of  controlling  bleeding,  while  more  curative 
measures  were  underway.  Examples  of  the  effectiveness  of  this  form  of  therapy  may 
be  cited  as  follows.  A  young  woman,  who  had  had  a  recent  curettage,  continued  to 
have  excessive  bleeding  due  to  a  marked  hypothyroidism  which  had  been  over' 
looked  at  the  time  of  her  operation  elsewhere;  estrogenic  therapy  permitted  temporary 
control  of  bleeding  while  thyroid  substance  was  being  given  orally  to  full  tolerance; 
the  final  therapeutic  result  was  cyclic  bleeding  from  progestational  endometria. 
Estrogenic  bleeding  associated  with  subacute  pelvic  infection  has  been  handled 
similarly  while  conservative  gynecologic  measures  in  regard  to  the  infection  were 
being  carried  out. 
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In  several  patients  with  polymenorrhea,  associated  with  progestational  bleeding 
at  intervals  of  16  to  20  days,  the  cycles  have  been  expanded  to  24  to  28  days  by  the 
daily  administration  of  estrogens  during  the  interval  between  episodes  of  bleeding. 
More  normal  cycles  followed  the  discontinuation  of  these  treatments. 

In  the  instance  of  a  young  woman,  who  had  cyclic  menorrhagia  from  progesta- 
tional  endometria,  dysmenorrhea,  menstrual  headaches  and  an  ecchymotic  der- 
matosis  during  the  progestational  phase,  the  author  and  his  group  observed  (9)  that 
the  urinary  excretion  of  sodium  pregnanediol  glucuronide  was  two  to  three  times 
that  considered  at  present  to  be  normal.  Estrogenic  therapy  during  the  non'bleeding 
phase  was  followed  promptly  by  improvement.  The  urinary  titers  of  the  preg' 
nanediol'Complex  were  reduced  strikingly,  the  pad  count  was  reduced  to  one-third 
and  the  duration  of  bleeding  was  shortened  by  three  days. 

Progestin.  Certain  pharmacologic  properties  of  progestin  seem  to  offer  thera^ 
peutic  possibilities,  a).  Estrogenic  bleeding  may  be  transformed  into  progestational 
bleeding  with  the  usual  shedding  of  tissue,  by  progestinal  therapy,  b).  Bleeding  from 
mixed  endometria  (those  having  irregular  progestational  reaction)  may  be  influenced 
beneficially  by  the  production  of  a  more  complete  progestational  reaction  by  means 
of  progestin  therapy,  c).  Alterations  in  the  gonadotropic  functions  of  the  pituitary 
secondary  to  ovarian  failure,  may  be  improved  by  the  retrograde  action  of  injected 
progestin  on  the  pituitary. 

The  author  has  reported  previously  that  the  daily  administration  of  from  5  to 
15  i.u.  of  progesterone  to  patients  during  episodes  of  estrogenic  bleeding  failed  to 
check  the  bleeding,  in  fact  often  apparently  aggravated  it  and  induced  no  significant 
progestational  alterations  in  the  endometria.  When  it  is  given  to  these  patients  in 
a  non'bleeding  phase,  bleeding  apparently  is  induced  and  often  may  be  excessive. 
These  observations  have  been  consistent  in  a  total  series  of  28  patients  many  of 
whom  were  treated  repeatedly. 

Androgens.  Certain  pharmacologic  properties  of  the  androgens  seem  to  offer 
therapeutic  possibilities,  d).  Estrogenic  bleeding  may  be  stopped  by  androgens  as  a 
result  of  an  increase  in  the  total  level  of  the  sex  sterols  in  the  blood,  b).  Estrogenic 
bleeding  may  be  controlled  as  a  result  of  metabolic  alterations  in  the  injected  andro' 
gens,  perhaps  through  their  transformation  into  estrogens  or  progesterone,  c),  Retro' 
grade  effects  of  injected  androgens  upon  the  pituitary  may  prove  effective  in  read' 
justing  the  pituitary'Ovarian  harmony  without  any  direct  endometrial  effects. 

The  author  has  referred  in  previous  reports  to  the  employment  of  androgens  in 
a  small  group  of  patients  with  estrogenic  bleeding.  Daily  doses  of  testosterone  pro' 
pionate  ranging  between  5  and  25  mg.  have  been  given  from  5  to  8  days  during 
episodes  of  active  bleeding.  In  a  small  group  of  6  patients  treated  in  this  manner,  3 
gradually  ceased  bleeding  in  from  4  to  7  days.  One  of  these  patients  was  observed 
for  about  a  year  after  this  treatment.  During  this  time  she  had  cyclic  estrogenic 
bleeding  of  normal  duration  and  amount.  In  no  instance  was  there  any  progesta' 
tional  alterations  in  the  endometrium.  In  several  instances,  endometria  after  therapy 
showed  evidence  of  lowered  ovarian  functions. 

Foss  (10),  in  a  recent  report,  described  the  treatment  of  16  patients  with  larger 
doses  of  testosterone  propionate  than  those  employed  by  the  author.  His  individual 
dosages  ranged  from  20  to  200  i.u.,  the  total  ones  from  300  to  2000  i.u.  He  found  as 
a  rule  that  menorrhagia  could  be  controlled  by  adequate  treatment.  The  mechanism 
of  the  effect  was  related  by  him  to  an  inhibition  of  follicular  overaction  and  of  endo' 
metrial  proliferation. 
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CYCLIC  EMPLOYMENT  OF  ESTROGENS  AND  PROGESTERONE 

The  body  of  this  report  is  concerned  with  observations  which  have 
been  made  after  the  use  of  estrogens  and  progesterone  and  of  progesterone 
alone  cyclicly  over  varying  periods  of  time.  The  advisability  of  attempting 
treatment  of  this  nature  was  suggested  by  the  following,  a),  Gonadotropes 
of  diverse  origins  and  natures  were  unable  apparently  to  induce  specific 
physiologic  alterations  in  the  ovaries  of  patients  with  estrogenic  bleeding, 
b).  Estrogens  were  able  to  stop  this  type  of  bleeding,  c),  Progesterone  ap' 
parently  induced  bleeding  of  this  nature,  d),  Supposed  ovarian  refractivity 
or  lowered  receptivity  might  be  benefited  by  cyclic  retrograde  biphasic 
ovarian  influences  upon  the  pituitary  furnished  by  this  form  of  therapy, 
e),  Endometrial  refractivity  or  lowered  receptivity  might  be  altered  by  the 
biphasic  cyclic  endometriotropic  influences  of  these  sterols. 

The  foregoing  considerations,  therefore,  oficred  a  possible  means  of  con' 
trolling  at  will  estrogenic  bleeding  as  a  symptom  and  the  last  two  theoretical 
assumptions  suggested  a  rational  therapeutic  approach  towards  the  etiologic 
endocrine  aberrations. 

The  method  of  treatment  has  been  essentially  as  follows.  A  remission 
from  bleeding  is  induced,  if  necessary,  by  estrogenic  therapy  or  curettage. 
One  week  after  curettage  or  after  the  cessation  of  any  episode  of  bleeding, 
injections  of  estrogenic  substance  in  daily  doses  of  from  10,000  to  20,000 
i.u.  are  begun  and  continued  for  14  consecutive  days.  Progesterone  is  then 
given  daily  in  doses  of  5  i.u.  for  the  next  7  days.  At  the  conclusion  of  this 
treatment,  and  frequently  before  it  is  finished,  bleeding  occurs.  This  had 
been  found,  as  a  rule,  to  be  comparable  in  amount  and  in  duration  to  that 
experienced  by  healthy  women.  No  treatments  are  given  during  the  week 
set  aside  for  bleeding.  Injections  of  progesterone  are  discontinued  when 
bleeding  begins.  If  these  are  continued,  experience  has  been  that  excessive 
and  prolonged  bleeding  often  results.  One  week  after  the  onset  of  bleeding, 
treatments  are  repeated  in  the  same  fashion.  If  bleeding  lasts  longer  than  7 
days,  injections  of  estrogens  cause  it  to  stop.  Series  of  this  combined 
therapy  are  given  for  3  to  6  months. 

A  few  patients  were  given  only  progesterone  cyclicly.  This  treatment  was 
essentially  the  same  as  the  combined  one  except  that  injections  of  estrogens 
were  omitted  and  that  injections  of  progesterone  were  started  3  weeks  after 
curettage  or  the  cessation  of  bleeding.  These  injections  were  made  in  daily 
doses  of  5  I.u.  daily  for  from  7  to  10  days. 

The  total  number  of  patients  treated  by  these  methods  was  17.  These 
are  distributed,  according  to  treatments,  as  follows. 

No  curettage;  cyclic  estrogen  and  progesterone  5  patients 

Curettage;  cyclic  estrogen  and  progesterone  10  patients 

Curettage;  cyclic  progesterone  2  patients 

Total  17  patients 

Of  these  17  patients,  5  are  not  reported  in  detail  because  of  the  following 
reasons.  In  the  case  of  3  patients  treatments  are  continuing  satisfactorily 
with  good  response,  but  have  been  of  too  short  duration  for  evaluation. 


i8  E.  C.  HAMBLEN  Volume  24 

In  one  patient  one  series  of  treatments  fliled  to  control  menorrhagia  and  re- 
examination  showed  a  submucous  fibromyoma;  a  hysterectomy  was  done. 
One  patient  was  unable  to  cooperate  intelligently  in  carrying  out  treat' 
ments. 

The  protocols  and  treatments  of,  and  the  observations  upon  the  remain' 
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Fig.  I.  Case  i.  D.H.,  aged  30  years,  white,  married,  para  o<k3,  had  had  varying  episodes  of  amenor¬ 
rhea  and  metrorrhagia  since  menarche  at  14.  Prolonged  but  scanty  bleeding  for  3  months  preceded  the 
interval  covered  by  charts.  Gynecologic  and  endocrine  surveys  showed  nothing  significant.  Treated 
cyclicly  with  sterols  as  charted.  No  bleeding  has  occurred  since  discontinuation  of  this  therapy,  despite 
intensive  treatment  with  gonadotropes  derived  from  the  serum  of  pregnant  mares.  A  biopsy  after  the  dis¬ 
continuation  of  treatment  showed  the  endometrium  to  be  of  hypoestrogenic  character. 

Case  ii.  E.S.,  aged  25  years,  white,  married,  para  0-0-0,  had  had  varying  episodes  of  amenorrhea 
and  very  occasional  prolonged  spells  of  flowing  for  7  years.  Recent  menses  had  been:  Aug.  1932,  7  days; 
Nov.  1936,  2  days;  June  1937,  6  days.  Endocrine  and  gynecologic  surveys  showed  nothing  significant 
except  generalized  obesity  and  some  slight  hyp>oplasia  of  the  uterus.  The  patient  was  treated  cyclicly 
with  sterols  as  charted.  Following  discontinuation  of  this  form  of  treatment,  the  patient  received  2  cychc 
series  of  treatments  with  gonadotropes  from  the  serum  of  pregnant  mares.  Bleeding  has  occurred  but  in¬ 
frequently  and  from  a  persistent  estrogenic  endometrium. 

Case  ni.  M.W.W.,  aged  22  years,  colored,  married,  para  0-0-0,  had  had  no  menstrual  irregularity 
except  that  charted.  Last  regular  menses  Feb.  18  to  22.  Endocrine  and  gynecologic  surveys  showed  noth¬ 
ing  significant.  Treated  cyclicly  with  sterols  as  charted. 


ing  12  patients,  are  presented  in  the  charts  in  figures  i  to  4.  These  patients 
received  a  total  of  46  series  of  cyclic  therapy.  There  was  a  total  of  49  endo' 
metrial  biopsies  made  before  and  during  this  therapy.  Two  patients  had 
daily  24'hour  specimens  of  urine  examined  for  the  pregnanediol  complex 
over  a  period  of  4  cycles. 
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Fig.  2.  Case  iv.  aged  2}  years,  white,  married,  para  ooo,  had  had  oligomenorrhea  char' 

acterized  by  long  episodes  of  amenorrhea  and  occasional  moderately  prolonged  flowing  since  menarche 
at  I  j.  Recent  menstrual  history:  amenorrhea  from  Sept.  1935  to  Sept.  1936;  only  four  spells  of  bleeding 
Sept.  1936  to  Sept.  1937;  under  thyroid  therapy  since  Sept.  1937  bleeding  Oct.  2-y,  Nov.  26-Dcc.  2, 
Jan.  7-1 1  and  April  1-5.  Gynecologic  and  endocrine  surveys  showed  slight  uterine  hypoplasia  and  cystic 
prolapsed  ovaries.  Treated  cyclicly  with  sterols  as  charted. 

Case  v.  M.B.,  aged  19  years,  white,  married,  para  i-o-i,  had  had  metrorrhagia  of  4  months  dura¬ 
tion,  which  had  required  curettage  April  3, 1938  and  despite  gonadotropic  therapy  another  one  June  24, 
1938.  Gynecologic  and  endocrine  surveys  were  not  significant.  The  patient  was  treated  cyclicly  with 
sterols  as  charted.  She  failed  to  continue  treatment  or  to  return  for  follow-up.  She  reports  regular  flowing 
since  treatment. 

Case  vi.  E.E.L.,  aged  17  years,  white,  single,  had  had  prolonged  episodes  of  metrorrhagia  since 
menarche  at  13  years.  There  had  been  rather  constant  but  not  excessive  bleeding  for  8  months  prior  to 
the  time  covered  in  the  chart.  Gynecologic  and  endocrine  surveys  showed  moderate  genital  hypoplasia 
and  some  dwarfing  of  stature.  Treated  cychcly  with  sterols  as  charted.  Treatment  was  discontinued  last 
of  April  1938.  A  letter  in  July  reports  no  bleeding  since  the  April  period. 

by  the  shaded  blocks.  When  determinations  were  made  and  negative  values 
were  obtained,  these  are  indicated  by  o.  The  endometrial  findings  have  been 
designated  as  follows:  £  — ,  hypoestrogenic  or  atrophic;  E,  persistent  estro¬ 
genic;  £+,  hyperestrogenic  or  hyperplastic;  M,  mixed  or  irregularly 
ripened;  P,  progestational. 

The  endometrial  findings  before,  during  and  after  therapy  are  shown 
for  analysis  in  the  graph  in  figure  5.  In  figure  6,  the  correlations  between  the 
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Fig.  j.  Case  vii.  C.L.,  aged  20  years,  colored,  single,  para  000,  had  had  irregular  excessive  and 
depleting  metrorrhagia  for  i  year.  Last  bleeding  lasted  from  the  last  of  October  until  the  last  of  Novem- 
ber.  She  was  admitted  to  hospital  Feb.  9,  at  which  time  her  hemoglobin  was  1 1  per  cent  and  erythrocytes 
1,150,000.  Multiple  transfusions  were  given  and  curettement  done  Feb.  16.  Gynecologic  and  endocrine 
surveys  were  not  significant.  Treated  cychcly  with  sterols  as  charted. 

Case  vm.  F.C.A.,  aged  37  years,  white,  married,  para  oo-o,  had  been  unable  to  conceive  and  dur^ 
ing  recent  months  had  had  polymenorrhea.  Menstrual  period  prior  to  the  interval  covered  by  the  charts 
had  lasted  from  Jan.  12  to  Jan.  16.  Curettage,  as  shown  on  chart,  was  done  on  the  first  day  of  the  Feb. 
period.  Gynecologic  and  endocrine  surveys  were  not  significant.  Treated  cychcly  with  sterols  as  charted. 
Bleeding  continues  to  be  regular.  An  endometrial  specimen,  obtained  by  biopsy  the  first  day  of  flowing 
of  the  third  period  after  discontinuation  of  treatment,  showed  a  mixed  type  of  proUferation  with  a 
moderate  progestational  reaction. 

Case  ix.  D.E.M.,  aged  16  years,  white,  single,  had  had  oligomenorrhea  with  episodes  of  amenot' 
rhea  varying  from  2  to  5  months  since  menarche  at  13  years  of  age.  She  had  had  metrorrhagia  as  shown. 
Gynecologic  and  endocrine  surveys  were  not  significant.  Treated  cychcly  with  sterols  as  charted. 
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time  of  the  first  injection  of  progesterone,  the  time  of  the  last  injection  and 
the  onset  of  bleeding  are  given. 

The  relationship  of  bleeding  to  the  total  antecedent  doses  of  progesterone 
is  as  follows: 
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ANALYSIS  AND  DISCUSSION  OF  DATA 


The  most  striking  clinical  observation  apparent  from  a  survey  of  these 
data  is  that  controlled  cyclic  bleeding  without  hypermenorrhea  characterized 
the  entire  duration  of  treatment  in  all  12  patients.  This  was  true  whether 
the  episode  of  excessive  or  prolonged  bleeding  prior  to  the  initiation  of  treat' 
ments  had  been  stopped  by  administrations  of  estrogens  or  by  curettage. 
The  regularity  of  subsequent  bleeding  in  patients  having  had  curettage  can- 
not  be  explained  as  being  due  to  the  operation,  for  the  remissions  which 
follow  this  procedure  alone  are  characterized  usually  by  varying  episodes  of 
amenorrhea  and  irregular  flowing.  The  46  cyclic  series  of  therapy  were  fob 
lowed  by  qualitatively  normal  bleeding  in  45  instances.  The  one  exception 
was  the  failure  of  any  bleeding  to  occur  after  the  6th  series  of  therapy  in 
Case  VI.  This  seems  related  to  an  increased  endometrial  refractivity  or  lower 
receptivity  to  the  sterols. 

The  length  of  the  cycles  of  bleeding  in  the  40  instances  where  finite 
limits  existed  (the  exceptions  being  when  no  curettage  was  done  prior  to 
initiation  of  therapy  and  the  one  occurrence  of  no  bleeding  after  a  series  of 
injections)  and  the  duration  of  flowings  were  comparable  to  women  men- 
struating  normally.  These  are  tabulated  as  follows. 


I^gth  of  Cycle 


19 .  I 

ao .  I 

22 .  I 

aj .  I 

»4 .  I 

a? .  3 

26 .  2 

17  .  9 

18  .  4 

29  .  6 

30  .  y 

31  .  1 

31 .  1 

34 .  1 


Duration  of  Flowing 
days 

2 . 

4 . 

y . 

6 . 

7  . 

8  . 

9 . 

10  . 

11  . 


7n{o.  of  Instances 


6 

ly 

10 

7 

2* 


I* 


*  Not  excessive. 


These  treatments,  therefore,  have  offered  an  effective  and  uniformly  suc' 
cessful  means  of  handling  symptomatically  meno^metrorrhagia  of  the  func¬ 
tional  type.  In  the  author’s  experience  no  other  method  of  therapy  has  ap¬ 
proached  it  in  dependability.  The  drawbacks  to  its  general  employment  are 
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obvious:  the  present  cost  of  these  sterols  and  the  necessity  for  repeated  daily 
injections  over  long  periods  of  time. 

The  clinical  course  of  bleeding  after  discontinuing  treatments  has  been 
observed  in  7  of  the  12  patients.  None  of  these,  during  periods  of  observa' 
tion  varying  from  2  to  10  months,  has  experienced  a  return  of  meno-metror- 
rhagia. 

Three  of  these  patients  (Cases  V,  VIII  and  XII)  have  had  cyclic  bleeding. 


Fig.  4.  Case  x.  aged  31,  white,  married,  para  j'i'i,  had  had  cyclic  menorrhagia  for  8  months 
with  episodes  of  flowing  lasting  la  to  if  days  requiring  40  to  50  well  saturated  pads.  Last  menstrual 
period  March  g  to  ai.  Gynecologic  and  endocrine  surveys  were  not  significant.  Treated  cyclicly  with 
sterols  as  charted. 

Case  xi.  C.P.H.,  aged  a6  years,  white,  single,  had  had  metrorrhagia  of  a  years  duration,  which 
had  required  a  previous  curettements,  the  latter  of  which  was  3  months  prior  to  the  interval  covered  by 
the  charts.  Her  last  period  of  bleeding  began  March  17, 1938  and  continued  at  the  rate  of  a-3  pads  per 
day  up  until  her  curettage  May  la.  Gynecologic  and  endocrine  surveys  were  not  significant.  Treated 
cyclicly  with  sterols  as  charted. 

Case  xii.  H.L,  aged  16  years,  white,  single,  had  had  episodes  of  metrorrhagia  for  f  months.  She 
had  started  bleeding  3  weeks  before  the  interval  covered  by  the  charts.  This  episode  followed  an  interval 
of  amenorrhea  of  a  months  duration.  Gynecologic  and  endocrine  surveys  were  not  significant.  Treated 
with  progesterone  as  charted.  Patient  failed  to  return  for  observation  and  biopsies  after  discontinuation 
of  therapy.  She  reported  by  letter  in  June  1938  that  all  bleeding  had  been  cyclic  and  it  was  judged  by  her 
to  be  normal  in  duration  and  amount. 


characterized  by  them  as  normal,  for  intervals  of  10,  3  and  7  months  re' 
spectively.  One  of  these  patients  (Case  VIII)  permitted  endometrial  biopsy 
of  the  first  day  of  bleeding  of  the  third  cycle  after  discontinuation  of  treat' 
ment.  The  diagnosis  of  this  was  mixed  endometrium.  The  other  two  patients 
(Cases  V  and  XII)  refused  to  return  for  observation  because  their  bleeding 
continued  to  be  regular.  One  of  these  (Case  XII)  showed  a  mixed  endo' 
metrium  at  biopsy  done  at  the  conclusion  of  the  fourth  series  of  treatments, 
and  just  prior  to  bleeding.  Two  other  patients  (Cases  II  and  VI)  have  had 
oligomenorrhea,  less  marked  than  before  treatments  were  given,  and  with' 
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out  any  prolongation  or  excessiveness  of  the  flowing.  Another  patient 
(Case  X)  had  only  one  series  of  treatments  due  to  an  intercurrent  septic  sore 
throat  of  severe  grade;  during  her  hospitalization  there  was  a  return  of  ex' 
cessive  bleeding.  The  period  of  observation  in  her  case  has  been  too  short  to 
permit  evaluation  of  the  effect  of  this  one  series  of  treatments.  Another  pa' 
tient  (Case  I)  has  had  amenorrhea  for  the  7  months  which  have  followed 
discontinuation  of  treatment.  She  had  had  longer  periods  of  amenorrhea  than 
this  prior  to  treatment. 

The  relationship  of  the  time  of  onset  of  bleeding  and  the  injections  of 
progesterone  shown  in  figure  6  leads  to  the  conclusion  that  the  onset  of 


_  SERIE  s 

mD  HYPOESTROGENIC  ENDOMETRIUM  lj3  HYPERESTROCENIC  ENDOMETRIUM 

^  PERSISTENT  ESTROGENIC  ENDOMETRIUM  ■  MIXED  ENDOMETRIUM 

Fig.  5.  The  endometrial  observations  upon  the  ii  patients  before,  during 
and  after  treatments. 

bleeding  is  not  delayed  by  these  injections  but  rather  it  appears  at  times  to  be 
induced  by  them.  The  onset  of  bleeding  is  related  probably  to  the  level  of 
estrogenic  activity  of  the  patient’s  ovaries  and  to  the  cessation  of  the  in' 
jections  of  estrogens.  In  20  of  the  45  instances  bleeding  began  before  a  total 
of  35  i.u.  of  progesterone  in  daily  doses  of  5  i.u.  could  be  given.  In  2  instances 
bleeding  began  before  any  progesterone  was  given.  The  longest  interval 
bleeding  was  postponed  after  the  last  injection  of  progesterone  was  3  days, 
except  in  one  instance  when  no  bleeding  followed  a  series  of  injections. 

No  untoward  symptoms  were  associated  with  these  treatments  except 
minor  discomfort  at  times  from  small,  slightly  tender,  indurated  nodules 
at  the  site  of  injections.  In  a  few  instances  there  was  pruritus  and  local 
blotchy  erythema  over  the  area  where  the  injections  had  been  made.  No 
symptoms  relating  to  the  breasts  or  vagina  were  reported.  A  few  patients 
experienced  heaviness  and  a  sense  of  pressure  in  the  lower  abdomen  during 
the  later  stages  of  series  of  linjections.  A  number  of  patients  experienced 
moderately  severe  dysmenorrhea  from  the  bleeding  after  treatment,  whereas 
before  treatment  dysmenorrhea  had  not  constituted  one  of  the  symptoms. 

There  were  observed  no  symptoms  or  physical  and  laboratory  signs  indic' 
ative  of  alterations  in  the  functions  of  the  endocrine  glands  other  than 
those  of  the  ovaries  and  that  concerned  with  the  gonadotropic  influences  of 
the  anterior  pituitary. 

The  endometrial  findings  following  studies  of  specimens  obtained  by 
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biopsy  just  prior  to  bleeding  or  within  the  early  hours  of  episodes  of  flowing 
are  noteworthy.  These  have  been  presented  in  figure  5. 

An  analysis  of  these  endometrial  findings  yields  the  following  data. 


Before  the  Initiation  of  Therapy 
Hypoestrogcnic  (atrophic)  endometrium  (£— ) 

Persistent  estrogenic  endometrium  (£) 

Hyperestrogenic  (hyperplastic)  endometrium  (£+) 
Mixed  endometrium  (M) 

Total 

During  Therapy 

Hypoestrogenic  (atrophic)  endometrium  (£— ) 
Persistent  estrogenic  endometrium  (£) 

Hyperestrogenic  (hyperplastic)  endometrium  (£+) 
Mixed  endometrium  (M) 

Total 

After  Discontinuation  of  Therapy 
Hypoestrogenic  (atrophic)  endometrium  (£— ) 
Persistent  estrogenic  endometrium  (£) 

Hyperestrogenic  (hyperplastic)  endometrium  (£+) 
Mixed  endometrium  (M) 

No  biopsies  obtained 
Total 


0  patients 

7  patients  or  58  per  cent 

2  patients  or  17  per  cent 

3  patients  or  2j  per  cent 
12  patients 


3  occurrences  or  8  per  cent 
28  occurrences  or  76  per  cent 

2  occurrences  or  5  per  cent 

4  occurrences  or  1 1  per  cent 
37  occurrences 


I  patient 
I  patient 
o  patients 
I  patient 
4  patients 
7  patients 


The  most  striking  observation  on  the  endometrial  response  to  therapy 
is  that  there  occurred  a  general  failure  of  progestational  response.  Out  of 
44  series  of  injections,  which  included  the  use  of  progesterone,  progesta-- 
tional  responses  were  encountered  in  only  4  isolated  instances,  two  of  which 
were  regarded  as  doubtful.  Two  explanations  are  suggested:  either  the  dos' 
age  was  inadequate  or  the  endometrium  was  unable  to  utilize  the  progester- 
one  given.  In  regard  to  the  dosage,  all  the  progesterone  possible  was  given 
in  daily  doses  of  5  i.u.  until  the  onset  of  active  bleeding  when  its  discon' 
tinuation  was  judged  advisable  due  to  previous  experiences  that  excessive 
bleeding  followed  its  continued  use.  It  seems  more  reasonable  to  the  author 
to  assume  that  the  endometrium  in  most  instances  is  unable  to  use  the  in' 
jected  progesterone.  This  is  thought  to  be  an  expression  of  an  endometrial 
refractivity, 

A  further  discussion  of  the  4  instances  of  mixed  endometrium  may  add 
support  to  the  assumption  of  endometrial  refractivity.  The  two  doubtful 
occurrences  of  mixed  endometrium  were  encountered  in  one  patient  (Case 
II)  who  continued  to  have  oligomenorrhea  with  estrogenic  bleeding  after 
the  treatments  were  stopped.  The  authenticity  of  these  two  endometrial 
findings  is  rightly  judged  doubtful.  The  other  two  occurrences  of  mixed 
endometria  were  encountered  in  both  instances  after  the  fourth  series  of 
treatments  in  2  different  patients  (Cases  IX  and  XII).  One  of  these  patients 
(Case  IX)  is  receiving  another  series  of  progesterone  treatments  before 
stopping  therapy.  The  other  patient  (Case  XII)  failed  to  return  for  biopsy 
designed  to  evaluate  the  permanency  of  the  endometrial  alteration,  giving 
as  her  reason  the  fact  that  her  menses  had  continued  (for  7  months)  to  be 
regular  and  normal.  All  three  of  these  patients  had  had  estrogenic  endo' 
metria  prior  to  treatment.  These  observations  suggest  that  several  cyclic 
series  of  progesterone  are  necessary  to  overcome  endometrial  refractivity. 

Another  general  observation  is  that  during  the  early  series  of  therapy 
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there  occurs  a  rather  uniform  lowering  of  the  endometriotropic  influences, 
both  of  the  ovaries  themselves  and  of  the  injected  sterols.  In  other  words, 
as  compared  with  the  endometrial  findings  before  treatment,  the  endometria 
during  the  early  series  of  treatment  show  generally  a  lower  level  of  pro¬ 
liferation.  In  some  patients  (Cases  I,  III  and  VI)  this  continued  throughout 
the  duration  of  treatment  and  in  one  of  these  patients  (Case  I)  after  stopping 
therapy.  For  example,  mixed  endometria  were  encountered  in  3  of  the  12 
patients  before  treatment,  did  not  occur  in  any  of  these  3  during  the  injec¬ 
tions  and  reappeared  in  one  after  treatments  were  discontinued.  Hyper- 
estrogenic  endometria  occurred  in  2  patients  before  treatment,  did  not  re¬ 
appear  in  these  patients  during  the  injections  and  appeared  in  only  2  isolated 
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Fig.  6.  The  correlations  between  the  time  of  first  injection  of  progesterone,  the  time  of  the  last 
injection  and  the  onset  of  bleeding.  The  black  dots  indicate  individual  episodes  of  bleeding. 

instances,  once  in  two  patients,  during  treatments.  Persistent  estrogenic 
endometria  appeared  in  7  of  the  12  patients  (incidence  of  58  per  cent)  before 
treatment,  while  during  treatment  they  were  noted  28  times  in  a  total  of 
37  observations,  giving  a  total  incidence  of  76  per  cent.  Hypoestrogenic 
endometria,  while  not  observed  in  any  patient  before  treatment,  were  ob¬ 
served  on  3  instances  during  therapy  and  this  type  of  endometrium  was 
observed  in  one  patient  after  injections  were  stopped. 

This  general  decrease  in  endometriotropic  responses  seems  related  to 
alterations  in  the  pituitary-ovarian  reciprocities  by  the  injected  sterols,  re¬ 
sulting  in  most  instances  in  a  decreased  follicle-stimulating  influence  of  the 
pituitary  (altered  at  the  beginning  due  to  ovarian  failure),  a  lowered  forma¬ 
tion  of  estrogen  by  the  patient’s  ovaries  and,  therefore,  a  decrease  in  the  total 
amount  of  estrogenic  influences  acting  upon  the  endometrium.  The  variable 
in  this  system  obviously  is  the  amount  of  estrogens  supplied  by  the  patient’s 
ovaries,  the  amount  of  injected  estrogens  remaining  constant.  Were  this 
decrease  an  expression  of  an  increasing  refractivity,  the  two  recoveries  dur¬ 
ing  treatment  of  biphasic  endometrial  responses  (Cases  IX  and  XII)  would 
not  be  possible. 

Two  patients  (Cases  III  and  VII)  warrant  special  consideration  in  view 
of  the  fact  that  determinations  of  the  urinary  titers  of  sodium  pregnanediol 
glucuronide  were  made  during  their  first  four  series  of  therapy. 
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The  patient,  described  as  Case  III,  had  a  mixed  endometrium  associated 
with  excessive  bleeding.  Bleeding  was  controlled  by  estrogen.  The  preg' 
nanediol  complex  was  identified  in  the  first  24'hour  specimen  of  urine  after 
bleeding.  Approximately  4.5  mg.  was  excreted  during  the  first  24  hours.  Its 
excretion  continued  over  a  period  of  the  next  12  days,  during  which  time  a 
total  of  49.5  mg.  was  passed.  The  amount  corresponds  well  with  the  values 
for  the  normal  menstrual  cycle  reported  by  Venning  and  Browne  (ii)  and 
confirmed  by  our  group.  This  excretion  occurred  during  the  time  the  patient 
was  receiving  estrogen.  No  pregnanediol  complex  was  excreted  during  the 
time  progesterone  was  given:  this  observation  is  true  for  both  patients  in 
all  8  cycles.  The  striking  observation  concerns  the  fact  that  despite  this  ex' 
cretion  of  49.5  mg.  of  the  pregnanediol  complex  the  episode  of  bleeding  which 
followed  the  first  series  of  therapy  was  from  an  estrogenic  endometrium. 
Similarly  this  patient  excreted  totals  of  18.4  mg.,  36  mg.  and  43  mg.  of  preg' 
nanediol  complex  during  similar  phases  of  the  second,  third  and  fourth  series 
of  therapy  and  in  each  instance  the  bleeding  that  followed  was  from  an 
estrogenic  endometrium. 

The  patient,  described  as  Case  VII,  hkewise  excreted  sodium  pregnane' 
diol  glucuronide  during  the  time  when  she  was  receiving  estrogenic  therapy 
but  in  small  amounts:  the  total  excretions  were  21.6  mg.,  1.9  mg.,  7  mg.,  and 
4  mg.  during  the  first,  second,  third  and  fourth  series  of  therapy,  respec' 
tively.  All  bleeding  was  from  estrogenic  endometria. 

These  findings  are  difficult  to  explain.  It  is  suggested  that  the  ovaries 
in  both  patients  were  forming  progesterone  spontaneously,  despite  estrcp 
genic  therapy,  and  that  the  endometria  of  both  patients  were  unable  to 
utilize  either  this  intrinsic  progesterone  or  that  extrinsic  material  which  was 
supplied  by  injection.  The  intrinsic  progesterone  was  capable  of  being 
altered  presumably  into  pregnanediol,  of  being  conjugated  with  glucuronic 
acid,  and  of  being  excreted  by  the  kidneys.  The  extrinsic  progesterone  ap' 
parently  was  not  metabolized.  It  seems  reasonable  to  suggest  that  these  two 
patients  indicate  the  existence  of  two  types  of  endometrial  refractivity,  one 
to  their  own  intrinsic  progesterone,  and  the  other  to  extrinsic  injected 
progesterone.  These  may  suggest  a  certain  etiologic  group  of  functional 
bleeding.  It  is  obvious  that  our  cyclic  treatments  were  not  coordinated  with 
the  cyclic  tendencies  of  the  ovaries,  in  fact  the  order  of  administration  was 
directly  reversed  from  what  it  probably  should  have  been.  When  this  be' 
came  apparent,  no  alterations  were  made  since  it  was  hoped  that  new  cycles 
could  be  established.  Full  studies  and  treatments  are  Ijeing  continued  on 
both  patients. 

The  single  and  total  doses  of  sterols  employed  were  chosen  arbitrarily 
upon  the  basis  of  the  quantitative  requirements  considered  by  Kaufmann 
and  others  to  be  necessary  for  full  endometriotropic  effects  in  the  human 
castrate.  Doubtless  suitable  individual  variations  in  the  dosage  and  in  the 
duration  of  therapy  may  aid  readjustments  in  the  pituitary'ovarian'endo' 
metrial  system.  At  times  the  cyclic  administration  of  progesterone  during 
the  appropriate  phases  of  cycles  may  prove  preferable  to  the  combined  treat' 
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ment.  At  present,  it  seems  reasonable  to  assume  that  treatments  should  be 
continued  until  a  progestational  response  is  obtained,  that  is  until  the  endo' 
metrial  refractivity  is  overcome.  Judged  by  this  criterion,  treatments  were, 
or  are  at  present,  inadequate  in  10  of  the  patients  reported.  At  present, 
therefore,  no  definite  statement  is  possible  as  to  the  minimal  effective  doses, 
or  the  necessary  duration  of  treatment:  these  are  no  doubt  variable  with  the 
degree  of  pathologic  aberration  in  pituitary^ovarian'endometrial  harmony. 

No  definite  proof  has  been  possible  at  present  that  cyclic  menstrual  bleed' 
ing  associated  with  biphasic  ovarian  cycles  and  ovulation  follows  cessation 
of  these  treatments.  It  is  hoped  that  further  observations  upon  this  group 
of  patients  and  upon  others  whose  treatments  have  just  begun  will  furnish 
this  evidence  in  the  near  future.  The  menstrual  histories  of  several  of  the 
patients  who  have  discontinued  treatment  suggest  that  these  effects  may 
have  resulted. 

The  preliminary  considerations  which  were  made  at  the  beginning  of 
this  communication  have  supplied  in  the  author’s  opinion  substantial  evi' 
dence  for  a  theory  of  ovarian  refractivity  as  one  of  the  etiologic  factors  in 
functional  bleeding.  The  observations  which  have  just  been  discussed  also 
afford  reasonable  grounds  for  a  theory  of  endometrial  refractivity,  as  a 
factor  in  this  form  of  bleeding.  Some  evidence  exists  that  the  cyclic  employ' 
ment  of  sterols  circumvents  both  these  forms  of  refractivity.  The  cUnical 
responses  of  patients  treated  in  this  manner  have  been  better  than  those  of 
patients  treated  by  any  form  of  therapy  previously  employed  by  the  author. 

SUMMARY 

A  review  of  the  etiologic  factors,  ovarian  and  endometrial  correlates  and 
hormonology  of  functional  uterine  bleeding  has  been  made.  Theories  have 
been  advanced  that  ovarian  and  endometrial  refractivities  to  gonadotropic 
and  endometriotropic  influences,  respectively,  are  etiologic  factors  in  a  large 
group  of  patients.  Therapeutic  experiences  with  gonadotropes  of  diverse 
natures  and  origins  have  been  reviewed.  The  uniform  ineffectiveness  of 
these  in  altering  the  pathologic  aberrations  in  the  pituitary'ovarian'endo' 
metrial  system  is  considered  evidence  to  support  the  theory  of  ovarian  re' 
fractivity.  Previously  reported  observations  concerning  the  effects  of  the 
various  sex'sterols  upon  active  episodes  of  estrogenic  bleeding  are  sum' 
mari^ed:  estrogens,  and  androgens,  perhaps  to  lesser  degree,  cause  a  cessa' 
tion  of  estrogenic  bleeding;  progesterone  fails  to  prevent  this  bleeding,  ap' 
parently  induces  its  appearance  when  given  during  a  non'bleeding  phase  and 
often  increases  the  amount  of  bleeding  when  given  during  active  flowing. 
A  form  of  treatment  which  employs  the  cyclic  administration  of  estrogen 
and  progesterone  or  of  progesterone  alone  is  described.  The  observations 
made  upon  12  patients  with  functional  uterine  bleeding  who  received  in  all 
46  series  of  these  treatments  are  reported.  During  the  period  of  treatments 
regular  cyclic  bleeding  occurred  and  following  discontinuation  of  the  injec' 
tions  none  of  the  patients  experienced  a  return  of  excessive  bleeding.  Some 
evidence  is  presented  that  these  cyclic  treatments  alter  the  pathologic  abet' 
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rations  of  the  pituitary^ovarian'endometrial  system,  thereby  overcoming  the- 
oretical  ovarian  and  endometrial  refractivity  and  the  associated  alterations 
in  the  gonadotropic  effects  of  the  pituitary. 

The  author  is  indebted  to  the  following  commercial  organizations  for  generous  supplies  of  the 
sterols  used  in  these  studies.  Schering  G^rporation  for  progynon'B  (estradiol  benzoate)  and  proluton 
(progesterone);  E.  R.  Squibb  and  Sons  for  amniotin  (estrone);  Parke,  £>avis  and  Co.  for  theelin  (estrone). 
He  is  grateful  to  his  two  assistants,  Margaret  Baptist  and  Catharine  Ashley  for  their  help,  the  former 
in  carrying  out  most  of  the  treatments  and  in  keeping  records  of  treatments,  and  of  bleeding,  and  the 
latter  for  her  determinations  of  sodium  pregnanediol  glucuronide.  A  part  of  the  expenses  incurred  in 
these  studies  was  defrayed  by  funds  allotted  by  the  Research  Council  of  Duke  University. 
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PROGESTIN  STUDIES:  PREGNANDIOL  EXCRETION^-* 


R.  F.  STOVER  AND  J.  P.  PRATT 
From  the  Department  of  Gynecology  and  Obstetrics,  Henry  Ford  Hospital 

DETROIT,  MICHIGAN 

The  empiric  use  of  numerous  preparations  of  corpus  luteum  was  enthusi' 
astically,  though  fallaciously,  practiced  for  years.  Demonstration  of  an 
active  principle,  progestin,  derived  from  the  corpus  luteum,  has  started  a 
new  era.  At  this  time,  it  is  desirable  to  establish  a  factual  basis  for  the  new 
therapy,  lest  it  also  fall  into  disrepute.  By  what  means  can  this  be  accom' 
plished? 

One  would  hke  to  know  the  following:  the  normal  secretion  of  progestin; 
the  amount  stored  in  the  corpus  luteum  or  other  tissues;  the  amount  in  cir- 
culation;  its  utilisation,  its  excretion  and  physiologic  action.  The  bioassay 
of  corpora  lutea  to  determine  the  amount  of  progestin  present  shows  wide 
variation  among  different  species  of  animals.  In  the  human,  the  quantity  of 
progestin  stored  in  the  corpus  luteum  is  minimal.  Large  volumes  of  blood, 
even  from  pregnant  women,  do  not  contain  enough  for  demonstration.  Its 
excretion  in  urine  is  too  scant  for  satisfactory  assay,  but  a  reduction  deriva' 
tive,  pregnandiol,  can  be  obtained  in  measurable  amounts.  Venning  and 
Browne  (i)  recovered  pregnandiol  from  urine  in  amounts  equivalent  to  12  to 
46  per  cent  of  progesterone  injected.  They  have  suggested  that  pregnandiol 
in  the  urine  indicates  utilization  of  progestin.  This  interesting  theory  will 
require  a  large  number  of  quantitative  estimations  of  the  excretion  of  preg' 
nandiol  in  the  urine  from  normal  women.  This  study  includes  determinations 
on  14  normal  and  7  abnormal  women. 

METHOD 

Pregnandiol  was  extracted  throughout  the  luteal  phase  in  9  normal  men' 
strual  cycles  in  women  who  presented  normal  menstrual  histories  and  physical 
findings.  The  regularity  of  previous  menses  was  verified  by  calendar  records. 
Two  cases  had  dysmenorrhea.  A  case  of  metrorrhagia  was  also  studied. 

The  pregnandiol  excretion  in  9  pregnancies  was  determined;  5  of  these 
were  normal  throughout  their  gestation;  3  presented  signs  and  symptoms  of 
threatened  abortion  (i  suggested  habitual  abortion),  but  only  i  of  these 
expelled  the  fetus.  A  case  of  chorioepithelioma  and  i  of  adrenal  tumor  were 
studied. 

The  24'hour  samples  were  kept  at  36°  F.,  until  extraction  was  begun.  The 


*  All  the  chemical  studies  were  done  by  R.  F.  Stover. 

*  Read  befen'e  the  Scientific  session  of  the  iind  Annual  Meeting  of  the  Association  for  the  Study 
of  Internal  Secretions,  San  Francisco. 
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interval  from  the  time  that  specimens  were  collected  to  the  time  they  were 
extracted  was  never  more  than  72  hours.  When  it  was  suspected  that  the 
amount  of  pregnandiol  would  be  small,  two  or  three  24'hour  samples  were 
combined  to  insure  the  isolation  of  a  measurable  quantity  of  this  material. 

Determinations  made  before  th<»  ninth  day  following  the  onset  of  the 
flow  failed  to  reveal  any  of  the  substance  in  the  urine;  therefore,  extractions 
for  the  normal  menstrual  cycle  began  on  the  ninth  day  following  onset. 
These  were  continued  to  the  onset  of  the  next  menses.  In  the  pregnant 
women,  24'hour  samples  were  extracted  at  intervals  as  indicated  in  table  2. 

In  these  studies,  the  gravimetric  quantitative  method  of  Venning  (2) 
was  used.  Essentially,  this  method  consists  of  the  extraction  of  the  urine 
with  butyl  alcohol  with  a  final  precipitation  of  sodium  pregnandiol  glucuron- 
idate  from  acetone.  These  crystals  were  then  weighed  and  the  amount  of 
pregnandiol  was  determined  by  means  of  a  factor  (0.597)  24'hour 

output  was  calculated.  To  be  sure  of  its  purity,  melting  points  were  deter' 
mined  on  each  sample  of  pregnandiol  isolated.  No  attempt  was  made  to  re' 
cover  pregnanol  or  pregnanolone,  intermediate  substances  in  the  reduction 
of  progestin  to  pregnandiol.  In  order  to  check  the  accuracy  of  the  method, 
15  mg.  of  sodium  pregnandiol  glucuronidate  was  added  to  1000  cc.  of  urine 
which  had  previously  been  shown  to  contain  no  pregnandiol.  The  amount 
recovered  was  12.41  mg.  or  82.7  per  cent.  This  confirms  the  report  of 
Venning  and  Browne. 

RESULTS  AND  DISCUSSIONS 

The  results  of  the  investigation  of  pregnandiol  excretion  in  normal  men' 
strual  cycles  may  be  seen  in  table  i.  The  results  obtained  from  pregnancy 
urine  are  shown  in  table  2. 


Table  i.  Pregnandiol  determinations  on  normal  cycles 


Case 

Age 

Age 

menses 

began 

Inter' 

val 

days 

Dura' 

tion 

days 

Ovul. 

sign 

This 

cycle 

Preg’d. 

present 

days 

Peak 

days 

Days 

preced. 

CTM. 

Total 

mg. 

preg'd 

Dys' 

menor' 

rhea 

I 

41 

13 

26-jo 

4 

0 

18 

19-14 

21-22 

2 

14.6 

0 

2 

21 

13 

17-30 

4 

0 

30 

22-27 

14-15 

2 

19.0 

0 

2 

21 

13 

17-30 

4 

0 

18 

20-27 

11-13 

1 

13-51 

0 

3 

13 

16 

18-33 

5 

0 

19 

19-15 

21-22 

4 

16.3 

0 

4 

18 

13 

15-31 

5 

0 

31 

19-30 

11-13 

2 

13-19 

0 

5 

18 

13 

15-34 

4 

0 

19 

19-16 

21-22 

2 

13-81 

0 

6 

22 

14 

19-34 

5 

0 

33 

16- j  I 

16-17 

2 

15.68 

Yes 

8 

31 

13 

14-16 

4 

0 

26 

21-22 

21-22 

3 

1.84 

0 

9 

x8 

12 

11-iy 

4 

0 

15 

— 

— 

— 

Yes 

21 

i8 

14 

16-jo 

4 

0 

26 

»ii 

— 

— 

3-93 

0 

'  Extracts  made  of  first  days  of  this  cycle,  no  pregnandiol  found. 
*  Extracts  made  on  this  day  only. 


Venning  and  Browne  (i)  studied  10  cases  of  women  who  presented 
normal  menstrual  cycles.  Pregnandiol  determinations  were  made  throughout 
the  luteal  phases.  They  found  a  wide  variation  in  the  amount  of  pregnandiol 
excreted  in  the  urine  in  different  individuals  we  well  as  in  different  cycles  of 
the  same  individual.  The  total  pregnandiol  found  in  a  single  cycle  ranged 
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from  3  to  55  mg.  They  considered  that  quantities  of  from  40  to  55  mg.  should 
be  taken  as  an  average  amount  for  a  normal  period.  Small  quantities  were  the 
exception  rather  than  the  rule.  They  suggested  that  the  cycles  might  be 
normal  even  though  these  small  amounts  were  excreted.  The  time  that  preg' 
nandiol  was  excreted  coincided  with  the  luteal  phase.  Although  this  time 
varied  in  their  cases,  it  was  considered  an  important  factor  in  estimating  the 
normalcy  of  the  period. 


Table  2.  Pregkancies  studied 


Case 

Age 

Para 

Day  of 
gestation 

Mg.  preg’d. 
present 

Symptoms 

7 

42 

VI 

140 

13-1 

Hypertension,  vertigo,  edema  and 
visual  disturbance 

13 

15 

II 

115 

14-75 

Severe  contractions 

13 

15 

II 

228 

14.86 

Severe  contractions 

13 

15 

II 

131 

14.78 

0 

13 

15 

II 

138 

15.01 

0 

M 

34 

VI 

84 

10.7 

0 

15 

14 

I 

266 

17-36 

0 

16 

22 

I 

9t 

8.8 

0 

17 

24 

II 

196 

16.  I 

0 

17 

14 

II 

252 

18.26 

0 

17 

14 

II 

261 

18.57 

0 

18 

36 

I 

89 

11-37 

Vaginal  bleeding,  cramps 

18 

36 

I 

108 

14.48 

Vertigo 

19 

26 

I 

48 

8.35 

0 

20 

28 

II 

60 

6.03 

Vaginal  bleeding,  cramps 

20 

28 

II 

70 

6.45 

0 

20 

28 

II 

71 

6.45 

0 

Cases  10,  II  and  12  were  omitted  from  Tables  1  and  2  because  no  pregnandiol  was  found  in  any 
of  these. 

Case  10 — chorioepithelioma. 

Case  1 1 — adrenal  cortical  adenoma. 

Case  12 — metrorrhagia. 


The  pregnandiol  appeared  in  the  urine  within  48  hours  after  ovulation. 
There  was  an  increase  in  the  amount  through  the  first  third  of  its  excretion 
time,  and  following  this,  a  gradual  decrease  was  noted  until  its  disappearance. 
The  maximum  amount  for  24  hours  was  8  mg.  The  disappearance  of  pregnant 
diol  from  the  urine  occurred  from  i  to  3  days  prior  to  the  onset  of  the 
menstrual  flow. 

Wilson,  Randall  and  Osterberg  (3)  presented  5  cases  with  normal  men- 
strual  cycles.  Their  results  agreed  essentially  with  those  of  Venning  and 
Browne  (i).  Our  cases  with  normal  menstrual  cycles  showed  that  there  may 
be  a  wide  variation  in  the  total  amount  of  pregnandiol  excreted,  and  that  a 
great  diversity  exists  in  the  time  of  this  excretion.  There  was  a  difference  of 
2.84  to  24.6  mg.,  and  the  time  differed  from  2  to  12  days. 

These  cases  include  a  range  of  ages  from  18  to  41.  The  flow  lasted  from 
4  to  5  days  and  the  cycles  were  26  to  33  days.  The  amount  and  length  of 
time  of  pregnandiol  excretion  bore  no  significant  relation  to  the  age  of  the 
individual,  the  age  at  the  onset  of  menstruation,  the  amount  of  menstrual 
flow,  nor  the  parity. 

The  extractions  were  begun  on  the  9th  day  of  the  cycle,  but  no  preg' 
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nandiol  was  recovered  before  the  19th  day.  In  this  group  there  were  no 
obvious  signs  to  suggest  the  time  of  ovulation,  but  assuming  that  ovulation 
occurs  approximately  in  the  middle  of  the  intermenstrual  period,  pregnandiol 
appeared  after  an  interval  following  the  assumed  ovulation. 

The  follicular  phase,  as  represented  by  the  period  of  the  cycle  prior  to 
appearance  of  pregnandiol  in  the  urine,  varied  less  than  the  luteal  phase.  The 
former  showed  only  a  difference  of  17  to  21  days,  while  the  latter  varied  from 
6  to  14  days. 

Regardless  of  the  length  of  the  cycle  or  its  2  phases,  the  onset  of  the 
subsequent  menstrual  flow  bears  a  definite  relationship  to  the  cessation  of 
corpus  luteum  activity  as  reflected  by  pregnandiol  excretion.  The  disappear¬ 
ance  of  pregnandiol  was  consistently  followed  in  i  to  4  days  by  the  next 
menses,  the  most  common  interval  being  2  days.  These  observations  confirm 
the  findings  of  Venning  and  Browne  (i)  .We  further  agree  that  the  time 
relationship  between  the  disappearance  of  the  compound  from  the  urine 


COf1POStT£  OF  ALL  CAS£<5 


^  Fig.  I.  A  COMPOSITE  CURVE  OF  PREGNANDIOL  RECOVERED  FROM  URINE  IN  ALL  CASES  STUDIED  DURING 
THE  MENSTRUAL  CYCLE.  Thc  tiianglcs  on  the  right  indicate  the  succeeding  menstruation. 

and  the  onset  of  bleeding  holds,  whether  the  amount  of  the  compound  is 
large  or  small,  whether  the  time  during  which  it  is  excreted  is  long  or  short, 
and  whether  the  cycles  are  regular  or  irregular,  normal  or  abnormal. 

A  composite  curve  of  excretion  of  pregnandiol  during  the  menstrual 
cycle  is  shown  in  figure  i.  No  pregnandiol  could  be  isolated  in  the  cycle 
studied  in  a  case  of  metrorrhagia. 

The  series  of  cases  with  normal  pregnancies  show  a  gradual  increase  in 
excreted  pregnandiol  until  term.  The  daily  amounts  for  the  first  2  and  3 
months  are  slightly  above  the  maximum  amount  during  the  menstrual  cycle. 
The  rise  continues  until  delivery.  The  curve  of  excretion  is  shown  in  figure 
2.  In  the  third  trimester  16  to  25  mg.  were  isolated  from  24'hour  samples. 
Brown,  Venning  and  Henry  (4)  report  quantities  as  high  as  80  mg.,  but  state 
that  much  lower  ones  were  found.  The  production  of  progestin  by  the 
placenta  as  well  as  the  corpus  luteum  is  believed  to  bring  about  such  great 
increases.  There  was  no  demonstrable  drop  in  urinary  pregnandiol  before  the 
onset  of  labor. 

There  are  3  individuals  among  this  group  who  had  signs  and  symptoms  of 
threatened  abortion,  (case  13,  of  habitual  abortion).  The  pregnandiol  deter' 
minations  in  2  of  these,  cases  13  and  18,  showed  no  diminution  in  the  amount 
of  this  compound  excreted.  Their  symptoms  responded  to  conservative  treat¬ 
ment  and  pregnancies  progressed  normally  thereafter.  The  third,  case'  20, 
showed  no  definite  decrease  in  the  pregnandiol  output.  Conservative  treat¬ 
ment  ameliorated  her  symptoms,  but  the  pregnandiol  level  in  the  urine  re- 
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mained  the  same.  This  patient  was  discharged  from  the  hospital,  but  she 
returned  in  5  days  with  her  original  symptoms  and  miscarried,  (she  was  under 
great  emotional  stress  at  home).  The  fetus  was  well  preserved  indicating 
that  its  death  had  been  very  recent. 

In  the  severe  toxemia  of  pregnancy,  case  7,  the  pregnandiol  excretion  was 
normal.  This  is  in  contrast  to  the  findings  of  Weil,  (^),  who  states  that  in 
these  cases  there  is  a  diminution  and  even  an  absence  of  pregnandiol  from 
the  urine  in  pre'eclamptic  states.  The  excretion  of  this  compound  decreased 
after  the  interruption  of  pregnancy  by  hysterectomy  but  continued  for  5 
days.  The  decrease  was  rapid  during  the  first  2  days  but  gradual  through 
the  last  3  days.  The  presence  of  the  uterus  or  endometrium  may  not  always 


Fig.  2.  A  COMPOSITE  CURVE  DERIVED  FROM  5  CASES  OF  NORMAL  PREGNANCY  STUDIED  TO  SHOW  PREG' 
NANDiOL  EXCRETION.  The  figures  on  the  base  line  express  the  duration  of  pregnancy  in  weeks.  The  figures 
in  the  abscissa  indicate  the  number  of  milligrams  of  pregnandiol. 


be  necessary  for  production  of  pregnandiol  as  suggested  by  Venning  and 
Browne  (i),  or  there  may  be  a  lag  in  pregnandiol  excretion. 

Pregnandiol  extractions  in  a  case  of  chorioepithelioma  were  made.  Un¬ 
fortunately,  none  were  made  before  the  removal  of  the  uterus  containing 
the  tumor.  Determinations  carried  out  for  lo  days  following  the  operation 
failed  to  exhibit  any  of  the  compound. 

No  pregnandiol  was  found  in  a  girl,  aged  3,  who  developed  virilism  from 
an  adrenal  cortical  adenoma. 

A  further  study  was  undertaken  to  estimate,  if  possible,  the  ratio  be¬ 
tween  the  pregnandiol  excreted  in  the  urine  and  the  progestin  in  the  body. 
Solutions  of  progestin-in-oil  (Parke,  Davis)  were  injected  intramuscularly 
into  women  in  whom  it  was  reasonably  certain  that  none  of  this  compound 
existed.  Quantities  of  15  and  17.5  Rb.u.  were  injected  in  12  and  14.5  cc.  of 
oil  respectively.  Extracts  of  the  urine  for  12  days  following  these  injections 
failed  to  demonstrate  any  of  the  compound.  Venning  and  Browne  (i)  in¬ 
jected  19,  28  and  30  mg.  of  crystalline  progesterone  in  3  different  patients, 
recovering  46,  40  and  12  per  cent  respectively  from  the  urine  in  the  form  of 
sodium  pregnandiol  glucuronidate.  The  slow  rate  of  absorption  from  the  oily 
solution  may  account  for  the  absence  of  measurable  amounts  of  the  reduction 
derivative  in  the  urine. 

Many  questions  concerning  the  metabolism  of  progestin  remain  unan¬ 
swered.  Evidence  is  accumulated  to  indicate  that  excretion  of  pregnandiol 
signifies  luteal  activity.  Many  more  normal  cases  must  be  analyzed  before  the 
function  of  progestin  in  the  normal  menstrual  cycle  and  in  pregnancy  can 
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be  established.  On  account  of  the  variation  in  pregnandiol  excretion  in  nop 
mal  cases,  it  is  premature  to  draw  conclusions  of  abnormal  states  from  single 
determinations  of  pregnandiol.  The  field  is  promising.  The  comfortable  the- 
ories  of  progestin  control  of  such  complex  clinical  conditions  as  dysmenor- 
rhea,  sterility  and  habitual  abortion  are  attractive.  Will  we  test  these  theories 
with  factual  data  or  will  we  repeat  the  fantasies  of  the  therapy  with  inert 
extracts  of  the  corpus  luteum? 
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THE  IMMATURE  RAT  UTERUS  IN  THE  ASSAY  OF 
ESTROGENIC  SUBSTANCES,  AND  A  COMPARISON 
OF  ESTRADIOL,  ESTRONE  AND  ESTRIOL'.^ 
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MADISON,  WISCONSIN 

The  use  of  the  weight  of  the  immature  uterus  in  the  assay  of  gonadotropic 
substances  has  been  established  by  Levin  and  Tyndale  (i)  employing 
mice,  and  by  Heller,  Lauson  and  Sevringhaus  (2)  using  rats.  Studies  on  the 
mechanism  of  the  uterine  reaction  led  the  present  authors  to  investigate  the 
possibility  of  a  similar  assay  for  estrogens.  A  portion  of  this  study  has  been 
briefly  reported  previously  (3).  It  is  the  purpose  of  this  paper  to  discuss  in 
detail  the  method  of  assay  and  the  tests  made  of  its  utility. 

METHODS 

Female  albino  rats  of  the  Sprague'Dawley  strain,  22  to  23  days  old  and 
34  to  39  gm.  in  weight,  were  used  in  all  the  experiments.  Aqueous  solutions 
of  crystalline  estradiol,  estrone  and  estrioF  were  injected  subcutaneously 
twice  daily  for  3  days.  One^half  cc.  was  given  at  each  injection.  On  the 
morning  of  the  fourth  day  (72  to  75  hours  after  the  first  injection)  body 
weight  and  vaginal  opening  were  noted,  and  the  animals  were  killed  by  rapid 
decapitation.  The  uteri  were  separated  from  the  vaginas  by  cutting  through 
the  cervix,  the  surrounding  tissue  was  stripped  off  and  the  utero'tubal  junc' 
tion  severed.  The  uteri  were  weighed  immediately  after  the  intra-uterine 
fluid  had  been  pressed  out  on  moistened  blotting  paper.  Weights  were  read 
to  tenths  of  a  mg.  on  a  Roller 'Smith  torsion  balance.  Weights  of  the  uteri 
before  fluid  was  expressed  and  of  the  vaginas  and  ovaries  were  also  recorded, 
but  since  they  have  been  found  to  have  no  particular  significance  to  this 
paper,  they  will  not  be  included. 

The  response  to  increasing  dosage  was  investigated  thoroughly  for  estra' 
diol  and  estrone  and  in  less  detail  for  estriol.  A  total  of  482  immature  rats 
was  used  in  these  studies. 

RESULTS 

Estradiol.  Eight  dose  levels  were  employed,  ranging  from  0.025  to  0.75 


*  Presented  in  part  before  the  jind  Annual  Meeting  of  the  American  Society  of  Biological  Chemists, 
Baltimore,  Md.,  March  31,  1938. 

*  This  research  was  supported  in  part  by  a  special  grant  from  the  Wisconsin  Alumni  Research 
Foundation  and  by  a  Research  Fellowship  provided  by  the  Sobering  Corporation. 
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estrone,  and  to  Dr.  Oliver  Kamm  of  Parke,  Davis  d  Co.  for  the  estriol. 
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gamma.  Each  dose  group  consisted  of  13  to  14  rats,  a  total  of  in.  Fifty'five 
controls  were  left  untreated  and  killed  at  25  to  26  days  of  age.  Since  all  body 
weights  at  autopsy  ranged  from  40  to  50  gm.  with  uniform  distribution  in 
all  groups,  it  has  not  been  necessary  to  express  uterine  weight  in  terms  of 
body  weight.  Table  i  summarizes  the  results  obtained  with  estradiol.  The 
standard  deviations  of  the  distributions  were  calculated  from  the  formula: 


It  should  be  emphasized  that  the  doses  refer  to  the  total  amount  administered 
in  the  6  injections.  Fig.  i  shows  the  responses  of  the  individual  rats,  the 
heavy  line  being  drawn  through  the  means  of  each  distribution.  It  will  be 
noted  that  all  responses  exceed  the  maximum  control  weight,  except  in  the 
lowest  dose,  0.0257,  indicating  no  ‘misses.’  Vaginal  opening  did  not  occur 
below  the  0.157  dose,  and  is,  therefore,  a  less  sensitive  criterion  than  increase 
in  uterine  weight. 


Table  i.  Uterine  and  vaginal  response  to  estradiol  and  estrone 


ESTRADIOL 

ESTRONE 

- 

No.  of 

Total 

uterine 

Std. 

No.  of 

No.  of 

Total 

uterine 

Std. 

No.  of 

rats 

dose 

weight 

dev. 

vaginas 

rats 

dose 

weight 

dev. 

vaginas 

y 

mg. 

±<y 

open 

7 

mg. 

±<r 

open 

55 

Control 

19.6 

2.63 

0 

55 

Control 

19.6 

2.63 

0 

13 

0.025 

17-5 

3.20 

0 

M 

0.05 

36.3 

5.91 

0 

15 

I.O 

41. 1 

9.06 

0 

14 

O.IO 

50.0 

5.80 

0 

15 

2.0 

51-7 

10.93 

0 

14 

0.15 

62.3 

6.97 

1 

15 

3-0 

60. 3 

8.43 

2 

14 

0.20 

67.4 

5-43 

9 

.-44 

4.0 

77.6 

14.41 

14 

0.  JO 

88.1 

6.99 

13 

15 

6.0 

91.6 

9.58 

12 

14 

0.40 

92.8 

8.57 

M 

15 

8.0 

101.7 

9.98 

15 

14 

0.75 

90.0 

9-30 

14 

15 

10. 0 

105.4 

10.40 

15 

Estrone.  Seven  dose  levels  were  employed,  ranging  from  i  to  107,  with 
15  rats  on  each  dose,  a  total  of  105.  Table  i  summarizes  the  results.  Fig.  2 
shows  the  individual  responses,  with  the  line  connecting  the  means.  As  in 
the  case  of  estradiol,  there  were  no  ‘misses.’ 

Comparison  of  fig.  i  and  2,  both  of  which  are  drawn  to  the  same  uter' 
ine  weight  scale,  reveals  several  interesting  facts:  a),  estradiol  and  estrone, 
in  a  ratio  of  i :  20,  produce  practically  identical  uterine  responses  except  at  the 
highest  doses;  b),  the  maximum  weights  due  to  estrone  (average,  105.4 
are  greater  than  the  maximum  weights  elicited  by  estradiol  (average,  92.8 
mg.);  and  c),  variation  in  response  to  all  doses  of  estrone  is  considerably 
greater  than  to  estradiol  (com. 'are  the  S.  D.  in  Table  i).  Table  i  further  indi' 
cates  that  with  regard  to  vaginal  opening,  the  ratio  of  potency  between  estra^ 
diol  and  estrone  is  also  approximately  20:1,  under  the  conditions  of  our 
experiment. 

Estriol.  The  uterine  response  to  estriol  was  quite  different,  as  is  shown  in 
fig.  3.  This  estrogen  caused  an  increase  in  uterine  weight  with  increase  in 
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dosage  comparable  to  estradiol  and  estrone  in  the  lower  dose  range,  to  about 
the  level  of  the  50  to  60  mg.  uterus.  Doses  up  to  16  times  the  initial  amount 
causing  a  50  mg.  uterus,  however,  produced  no  further  increase  in  uterine 
weight.  Moreover,  doses  of  estradiol  and  estrone  which  produce  uterine 


I 


Fig.  I  and  i.  Uterine  responses,  minus  intra-uterine  fluid,  of  the  individual  rats  to  gradu- 
ATED  DOSES  OF  ESTRADIOL  AND  ESTRONE.  Thc  hcavy  Vertical  bar  on  the  zero  ordinate  represents  the  range 
of  control  uterine  weights. 


Fig.  3.  Uterine  responses  op  the  individual  rats  to  graduated  doses  of  estriol.  Note  thc 
flattening  of  thc  curve  at  the  50  mg.  level. 

weights  above  50  to  60  mg.,  cause  an  accompanying  accumulation  of  intra- 
uterine  fluid,  proportional  to  dose,  up  to  the  dose  which  produces  a  uterus 
weighing  about  300  mg.  before  fluid  is  expressed.  Accumulation  of  intra^ 
uterine  fluid  does  not  occur  as  a  result  of  estriol  injection.  Although  rela^ 
tively  few  rats  were  used  above  the  0.5  7  level,  the  results  are  entirely  con- 
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sistent.  These  findings  confirm  the  work  of  Dorfman,  Gallagher  and  Koch  (4) 
who  used  this  means  of  biologically  distinguishing  estriol  from  estrone.  We 
can  add  that  it  also  distinguishes  estriol  from  estradiol.  We  have  made  no 
studies  to  seek  an  explanation  for  the  incompleteness  of  estriol  response.  On 
the  ascending  part  of  the  curve,  estriol  is  comparable  to  estradiol  and  es' 
trone.  Hence,  i  7  of  estradiol  is  equivalent  to  6  7  of  estriol  and  20  7  of  es' 
trone,  when  assayed  by  our  method.  Estriol  is  relatively  more  effective  in 
causing  vaginal  introitus,  for  the  ratio  of  estradiol :  estriol :  estrone  is  i :  2 . 5 : 20, 
as  compared  to  1:6:20  for  uterine  weight. 

TEST  ASSAYS 

In  order  to  test  the  usefulness  of  the  estradiol  and  estrone  curves,  a  large 
series  of  assays  were  conducted  two  and  four  months  after  the  original  work 


Table  2.  Test  assays 


AQUEOUS  ESTRADIOL 

AQUEOUS  ESTRONE 

ESTRADIOL'INOIL 

No. 

No. 

No. 

No. 

No. 

No. 

Dose 

tests 

rats 

Dose 

tests 

rats 

Dose 

tests 

rats 

7 

on  each 

on  each 

7 

on  each 

on  each 

7 

on  each 

on  each 

dose 

dose 

dose 

dose 

dose 

dose 

0.020 

1 

4 

I.O 

4‘ 

12 

0.05 

1 

4 

o.02y 

2 

6 

1-5 

4‘ 

11 

O.I 

2 

9 

0.0  JO 

2 

4 

2.0 

4' 

t3 

0.2 

2 

9 

0.075 

2 

4 

1-5 

J‘ 

n 

0.4 

1 

4 

0.075 

6> 

13 

3-? 

8‘ 

0.100 

2 

5 

5.0 

4‘ 

12 

0.125 

6‘ 

12 

0.  IJO 

I 

5 

0.175 

9* 

26 

0.18 

2 

4 

0.25 

1 

4 

O.J 

I 

4 

0.5 

I 

4 

t-5 

4 

Total 

37 

99 

17 

86 

6 

26 

‘  Thfisc  represent  tests  performed  4  months  after  the  onginal  curves  were  completed.  They  are 
combined  and  tabulated  in  table  4.  The  results  of  these  tests  were  used  with  the  original  data  to  fit  the 
theoretical  curves  shown  in  fig.  4  and  5. 


had  been  completed.  Solutions  were  made  by  one  of  us  from  the  same  stocks 
as  had  been  used  originally  (which  had  been  kept  tightly  stoppered  at  4°  C.), 
and  assayed  by  two  others.  Each  assay  consisted  of  injecting  a  group  of  rats 
at  one  dose  level.  Table  2  shows  the  various  dosages,  the  number  of  test 
assays,  and  the  total  number  of  rats  used  for  all  tests  at  each  dose  level.  A 
total  of  21 1  animals  was  used  in  the  70  tests,  with  i  to  6  rats  in  each  test. 
Fifteen  tests  were  performed  with  single  rats,  ii  with  2  rats  per  test,  12 
with  3  rats,  25  with  4  rats,  4  with  5  rats,  and  3  with  6  rats.  Hence,  63  of  the 
70  assays  were  performed  on  4  rats  or  less.  Space  does  not  permit  publication 
of  the  results  of  each  test.  The  mean  uterine  weight  for  each  assay  was 
fitted  to  the  crude  curves  shown  in  fig.  i  and  2,  and  the  estimated  dose  was 
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read  directly  from  the  abscissa.  The  per  cent  error  was  then  calculated 
according  to  the  formula: 


Per  cent  error = 


Estimated  dose— True  dose 
True  dose 


Xioo. 


Table  3  gives  the  frequency  distribution  of  the  percentage  errors  obtained  in 
this  way.  In  two  of  the  estrone  and  three  of  the  estradiol  tests,  no  exact 
estimate  was  made  because  the  uterine  weights  were  at  or  near  the  maximum. 


Table  5.  Frequency  distribution  of  the  per  cent  errors  obtained  when  test  results  are  estimated 

FROM  THE  CURVES  SHOWN  IN  FIG.  I  AND  2 


Class  intervals 
of  percentage  error 

Aqueous 

estradiol 

Aqueous 

estrone 

Estradiol 
in  oil 

-5;oto-4i% 

-40  to -31% 

—  30  to  —11% 

1 

1 

2 

1 

—  20  to  —11% 

1 

5 

— 10  to  —  1% 

1 

1 

0 

I 

X 

I  to  9% 

4 

2 

10  to  19% 

4 

5 

10  to  19% 

5 

1 

5 

30  to  39% 

5 

5 

40  to  49% 

6 

4 

50  to  59% 

1 

I 

60  to  69% 

6 

1 

70  to  79% 

80  to  89% 

90  to  99% 

1 

I 

I 

We  had  to  be  content  in  these  cases  merely  to  state  that  the  dose  represented 
a  given  amount  or  more.  No  percentage  error,  therefore,  could  be  calculated 
for  these  five  tests.  It  is  seen  from  table  3  that  2i  of  25  estrone  and  25  of  34 
estradiol  estimates  came  within  +  50  per  cent  of  the  true  dose,  and  that  only 
one  estimate  was  in  error  by  more  than  80  per  cent. 

Since  estrogens  are  often  more  conveniently  administered  in  oil  solution, 
we  were  desirous  to  learn  whether  the  curves  could  be  used  as  standards  for 
oil  injections.  Small  groups  of  rats  were  injected  once  daily  for  3  days  at 
several  dose  levels  of  estradiol.  The  volumes  of  oil  per  injection  were  0.05, 
o.i,  and  0.2  cc.  It  was  found  that  when  0.2  cc.  was  given,  the  resulting  uter^ 
ine  weights  fitted  well  into  the  curve.  Hence,  it  may  be  tentatively  stated 
that  approximately  the  same  effect  on  uterine  weight  can  be  obtained  by  in' 
jecting  0.2  cc.  of  oil  solutions  of  estradiol  once  a  day  for  3  days  with  autopsy 
on  the  morning  of  the  fourth  day,  as  when  aqueous  solutions  are  given  twice 
daily  for  the  same  number  of  days,  with  0.5  cc.  per  injection.  The  dose  levels 
and  number  of  animals  used  for  this  experiment  are  shown  in  the  last  coh 
umns  of  table  2.  Only  the  rats  which  received  0.2  cc.  per  injection  are  in' 
eluded.  Table  3  gives  the  results  of  these  tests. 

Inspection  of  table  3  reveals  that  51  of  the  tests  erred  on  the  positive 
side,  while  only  12  errors  were  negative.  In  other  words,  most  of  the  test 
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assays  yielded  higher  uterine  weights  than  would  have  been  expected  on 
the  basis  of  the  original  curves.  Since  all  test  solutions  had  been  prepared 
from  the  same  stock  solutions  as  were  used  in  the  original  work,  and  since 
techniques  of  injection  and  autopsy  were  kept  as  constant  as  possible,  it  is 
plausible  to  assume  that  some  change  in  animal  sensitivity  had  taken  place 
since  the  time  of  the  original  work.  Because  repeated  test  assays  had  been 
carried  out  on  several  dose  levels,  we  combined  the  results  of  these  and  deter' 
mined  the  means  and  standard  deviations.^  These  data  are  shown  in  table  4. 
They  represent  the  tests  made  4  months  after  completion  of  the  original 
curves,  while  all  the  other  tests  were  performed  2  months  after.  Comparison 
of  tables  i  and  4  reveals  that  almost  all  the  test  doses  of  estradiol  and  estrone 
produced  heavier  uteri  than  would  be  expected  from  the  original  data. 


Table  4.  Summary  of  certain  combined  test  results.  See  table  a  and  text  for  explanation. 
Compare  with  table  i 


ESTRADIOL 

ESTRONE 

No. 

Total 

uterine 

Std. 

No.  of 

No. 

Total 

uterine 

Std. 

No.  of 

rats 

dose 

weight 

dev. 

vaginas 

rats 

dose 

weight 

dev. 

vaginas 

7 

mg. 

iff 

open 

7 

mg. 

iff 

open 

m 

12 

I.O 

34-9 

8.1s 

0 

n 

0.075 

5.10 

0 

11 

49.1 

7-83 

0 

13 

2.0 

59.0 

10.48 

0 

12 

0.115 

8.06 

0 

13 

1-5 

693 

14-74 

5 

26 

0.175 

6.9J 

II 

15 

3-5 

81.7 

II. 12 

21 

■m 

12 

5.0 

98.3 

13.10 

10 

Further  evidence  for  assuming  a  change  in  sensitivity  lies  in  the  fact  that 
both  estradiol  and  estrone  produced  heavier  uteri  in  the  tests  but  that  the 
ratio  of  the  two  was  still  about  i :  20  (see  table  4  which  is  arranged  to  facili' 
tate  this  comparison).  It  should  also  be  noted  that  the  variation  on  each  test 
dose  is  of  the  same  order  as  in  the  original  data,  in  spite  of  the  higher  general 
level  of  response  (see  tables  i  and  4  and  fig.  4  and  5). 

In  order  to  take  into  account  this  apparent  change  in  reactivity,  regres' 
sion  equations  have  been  fitted  by  the  method  of  least  squares  to  the  means 
given  in  tables  i  and  4,  assigning  equal  weight  to  each  mean.  An  approxi' 
mately  straight  line  function  is  obtained  when  the  square  root  of  the  uterine 
weight  is  plotted  against  the  logarithm  of  the  dose.  Figures  4  and  5  show 
these  fitted  curves  as  well  as  the  means.  The  vertical  lines  represent  the  + 
standard  deviations  of  the  distributions,  the  solid  lines  being  from  the 
original  data  and  the  broken  lines  representing  the  test  data.  The  smooth 
bands  enveloping  all  the  standard  deviations  were  drawn  by  hand  and 
represent  no  statistical  computations.  However,  these  empirical  limits  in' 
elude  92.1  per  cent  of  all  the  individual  uterine  weights  (including  original 
data  and  all  aqueous  and  oil  test  assays)  of  the  estradiol  series,  and  88.2 


*  These  tests,  marked  (i)  in  table  i,  were,  in  fact,  performed  with  the  intention  that  the  results  be 
added  to  the  original  in  order  to  secure  a  more  accurate  curve. 
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per  cent  of  all  uterine  weights  of  the  estrone  series.®  The  inference  which 
may  be  made  is  that  85  to  90  per  cent  of  all  future  results  will  probably  fall 
within  the  bands,  provided  the  animal  sensitivity  remains  approximately 
between  the  levels  established  by  the  original  and  test  results.  Hence,  if 
only  one  rat  were  used  for  each  assay,  an  error  greater  than  +100  per  cent 
with  estrone  and  +  60  per  cent  with  estradiol  would  probably  occur  no  more 
often,  in  the  long  run,  than  once  in  8  or  10  assays,  provided,  of  course,  that 
animal  sensitivity  would  undergo  no  further  increase.  If  more  animals  were 
employed  considerably  smaller  errors  would  be  expected.  If  the  level  of 


sensitivity  should  exceed  the  established  limits,  a  rough  correction  could 
easily  be  made.  No  study  has  been  made  of  the  genetic  or  environmental 
factors  influencing  the  sensitivity  of  the  immature  rat  uterus  to  estrogens. 

Since  all  tests  not  marked  in  table  2  did  not  enter  into  the  fitting  of  the 
theoretical  estradiol  curve,  it  is  valid  to  estimate  the  doses  used  from  this 
curve.  Table  5  presents  these  estimates  with  the  percentage  errors.  The  mean 
uterine  weights  were  properly  placed  on  the  curve  and  the  estimated  dose 
read  directly  from  the  abscissa.  It  is  significant  that  the  errors  did  not  exceed 
+  30  per  cent,  even  though  as  few  as  5  or  less  rats  were  used  in  each  test. 


‘  It  is  interesting  to  note  that  bands  enveloping  ±ia-o{  the  original  data  cover  only  74  per  cent  of 
the  tests  with  estradiol  and  91  per  cent  of  the  estrone  tests,  while  similar  bands  enveloping  ±  2<r  of  the 
test  data  includes  95  per  cent  of  the  original  estradiol  results  and  93  per  cent  of  the  original  estrone  re¬ 
sults.  Hence,  the  ±  kt  bands  of  the  test  data  would  provide  more  accurate  limits  than  the  ±  la  of  the 
original  data. 
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DISCUSSION 

The  principles  upon  which  this  method  is  based  are  not  new,  since 
Frank  (5)  in  1929  devised  a  quantitative  test  for  estrin  based  on  the  old  ob' 
servation  that  estrin  stimulates  uterine  growth  in  the  rabbit.  However,  we 
believe  definite  improvements  over  other  methods  have  been  made.  A  wide 
range  of  dose  is  utilized,  the  maximum  dose  being  at  least  16  times  as  large 


Table  y.  Estimatbs  of  estradiol  test  assays,  using  the  theoretical  curve  (fig.  4) 

AS  STANDARD  OF  REFERENCE^ 


Test 

No. 

rats 

Mean 

uterine 

weight 

mg. 

Estimated 

dose 

7 

True 

dose 

7 

Error 

% 

N 

4 

14.8 

0.02 

0.02 

0 

X 

4 

13-6 

0.018 

0.025 

-18 

P 

2 

30.0 

O.OJ 

0.025 

+10 

R 

3 

aS.o 

0.016 

O.OJ 

-13 

A 

1 

30.0 

0.03 

O.OJ 

0 

Q 

3 

48.4 

0.075 

0.075 

0 

z 

1 

47.6 

0.072 

0.075 

-  4 

B 

2 

53-8 

0.09 

O.I 

—  10 

L 

3 

54-9 

0.095 

O.I 

—  5 

E 

5 

65.8 

0.15 

O.IJ 

+15 

M 

1 

75.8 

0.22 

0.18 

+11 

S 

3 

67.4 

0.16 

0.18 

—  11 

C 

4 

86.9 

0.315 

0.25 

+30 

F 

4 

96.6 

0.4  or  more 

O.J 

— 

H 

4 

105.5 

0.4  or  more 

0.5 

— 

T 

4 

96.0 

0.4  or  more 

— 

OUa 

4 

37-9 

0.045 

0.05 

—  10 

Oil-a 

4 

54.8 

0.095 

O.I 

-  5 

Oibj 

5 

50.6 

0.08 

0.1 

—  20 

Oil-4 

4 

74-7 

O.ll 

0.2 

+  5 

Oil-5 

5 

66.6 

0.16 

0.2 

—  20 

Oil-6 

4 

837 

0.19 

0.4 

-17 

1  The  above  tests  are  all  those  not  marked  (*)  in  table  1. 


as  the  minimal.  A  sufficiently  large  number  of  animals  has  been  employed 
to  permit  rather  accurate  prediction  of  the  amount  of  variation  to  be  ex' 
pected.  The  many  tests  performed  on  small  numbers  of  rats  per  assay  indi' 
cate  the  usefulness  of  the  method;  and  the  procedure  and  calculations  are 
very  simple  and  completely  objective. 

We  are  not  in  a  position  to  discuss  the  relative  merits  of  other  methods 
of  estrogen  assay  on  the  basis  of  our  own  experience.  It  seems  clear,  however, 
from  the  papers  of  Coward  and  Bum  (6),  D’ Amour  and  Gustavson  (7), 
Deckert,  Mulhall  and  Swiney  (8)  and  others  that  the  vaginal  smear  methods 
cannot  be  expected  to  yield  accurate  results  when  small  numbers  of  animals 
are  used.  If  very  elaborate  standardization  procedures  are  carried  out,  such 
as  are  used  by  Palmer  (9),  the  accuracy  is  improved.  However,  these  prcp 
cedures  are  laborious  when  compared  to  the  uterine  method,  and  the  re' 
suits  are  probably  no  more  accurate  than  with  the  latter. 

The  Fluhmann  technic  has  received  considerable  attention  since  its  intro' 
duction  (lo).  Unpublished  research  of  Dr.  Leita  Davy  indicates  that  15  mice 
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per  dose  would  be  required  to  distinguish  clearly  doses  increased  by  a  factor 
of  two,  and  that  the  use  of  4  mice  per  dose  would  only  permit  clear  distinc' 
tion  of  doses  increased  by  a  factor  of  three  or  four.  The  method  is  obviously 
more  complicated  and  probably  less  accurate  than  our  method  when  few 
animals  are  employed. 

The  6'hour  test  for  estrogens  recently  described  by  Astwood  (ii)  ap¬ 
pears  to  have  considerable  merit.  He  found  that  the  weight  of  the  immature 
rat  uterus  increased  in  proportion  to  increase  in  estradiol  dosage  to  a  maxi¬ 
mum  of  about  60  per  cent  over  control  weight,  within  6  hours  after  the 
injection.  The  weight  increase  was  accounted  for  entirely  by  increase  in 
water  content.  Comparison  of  our  results  with  Astwood’s  data,  the  statis¬ 
tics  of  which  he  has  kindly  sent  to  us,  leads  us  to  conclude  that  less  accuracy 
would  be  expected  by  his  method  if  small  numbers  of  rats  were  used  for  each 
assay.  If,  on  the  other  hand,  larger  numbers  were  used,  his  method  should 
yield  more  accurate  estimates  than  could  be  obtained  by  our  method.  It  is 
interesting  to  note  that  estradiol  and  estrone  were  found  by  Astwood  to  be 
qualitatively  identical  with  a  quantitative  difference  of  i :  12.  By  our  method 
the  ratio  is  1:20,  the  two  estrogens  being  likewise  qualitatively  almost 
identical. 

The  consistently  greater  variation  in  our  estrone  series  may  possibly  be 
explained  by  the  speculation  that,  while  estradiol  may  be  utilized  directly 
estrone  may  be  wholly  or  partly  converted  into  another  form  in  the  animal 
body.  If  confirmed,  this  observation  introduces  an  interesting  problem. 

Biilbring  and  Burn(i2)in  1935  described  a  method  of  estrogen  assay  based 
on  uterine  weight  changes  after  4  days  of  injection.  Their  work  was  done  on 
a  much  smaller  scale  than  that  reported  here  and  differs  in  other  respects  as 
well.  They  found  that  the  variation  in  uterine  weight  in  response  to  gradu¬ 
ated  doses  of  estrone  was  considerably  greater  between  litters  than  within 
litters.  Only  three  dose  levels  were  used,  corresponding  to  uterine  weights 
of  about  30,  45,  and  60  mg.  Reference  to  fig.  5  reveals  that  these  authors 
utilized  only  the  lower  half  of  the  reactive  range.  Because  their  animals 
varied  considerably  in  body  weight,  Biilbring  and  Bum  expressed  the  uterine 
weight  in  terms  of  100  gm.  of  body  weight.  When  this  ratio  was  plotted 
against  the  logarithm  of  the  dose,  a  straight  line  resulted,  permitting  com¬ 
parison  of  known  with  unknown  solutions  on  the  basis  of  position  and  slope 
of  the  lines.  When  our  data  are  expressed  in  this  way,  only  the  part  of  the 
resulting  curve  which  corresponds  to  the  range  used  by  Biilbring  and  Bum 
approaches  a  straight  line.  Beyond  this  range,  that  is,  above  the  60  mg.  utems 
level,  the  curves  are  definitely  not  straight  lines.  Because  of  the  variation 
between  Utters,  they  found  simultaneous  comparison  with  a  standard  to  be 
essential  in  all  assays.  While  such  procedure  is  undoubtedly  worthwhile, 
it  does  not  seem  necessary  in  the  use  of  curves  developed  by  our  method. 
However,  it  is  recommended  that  frequent  assays  of  standard  estrogen  be 
performed,  and  statistical  tests  made  of  the  significance  of  the  departures 
from  the  curves.  As  the  data  from  such  tests  accumulate,  it  may  become  ad¬ 
visable  to  recalculate  the  standard  curve  to  secure  a  better  fit  to  aU  the  data 
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at  hand,  or  merely  making  suit^Vle  corrections  for  any  change  in  animal 
sensitivity  may  be  sufficient. 

The  chief  disadvantages  of  01. r  uterine  method  are  two  in  number:  first, 
a  dependable  supply  of  immatu'e  female  rats  is  needed;  and,  second,  the 
animals  can  be  used  only  once.  Of  the  several  advantages,  the  following  may 
be  mentioned:  a),  there  is  complete  objectivity  of  end'point;  b),  no  castrat' 
ing,  priming  or  other  laborious  standardization  procedures  are  required;  c), 
the  useful  range  of  reactivity  is  large,  greatly  reducing  the  number  of  pre^ 
liminary  assays  required;  d),  finally,  and  most  important,  the  uniformity  of 
response  makes  possible  relative  accuracy — consistently — when  as  few  as 
I  to  4  animals  are  used  in  each  assay. 

It  is  for  this  last  reason  that  our  uterine  method  seems  especially  adapted 
to  the  assay  of  clinical  materials,  such  as  blood  and  urine,  where  the  quantity 
of  estrogen  per  specimen  is  often  very  limited.  In  cases  where  large  amounts 
of  estrogen  are  available,  permitting  the  use  of  many  animals,  the  smear 
methods  or  Astwood’s  test  possibly  offer  certain  advantages. 

SUMMARY 

A  method  of  estrogen  assay  is  described,  based  on  increase  in  weight  of 
the  immature  rat  uterus  proportional  to  increasing  dosage.  The  assay  is  per' 
formed  by  injecting  one'half  cc.  of  aqueous  solutions  subcutaneously  twice 
daily  for  3  days,  with  autopsy  on  the  morning  of  the  fourth  day. 

The  uterine  response  to  estradiol  and  estrone  is  essentially  identical, 
I  7  of  estradiol  being  equivalent  to  20  7  of  estrone.  The  uterine  response 
to  estriol  is  incomplete  in  the  sense  that  the  uterine  weight  curve  plateaus 
at  a  much  lower  level  than  in  case  of  the  other  two  estrogens. 

Standard  estradiol  and  estrone  dosage-response  curves,  based  on  results 
from  482  rats,  are  presented  together  with  practical  limits  defining  the  ex' 
pected  range  of  error.  Apparent  change  in  animal  sensitivity  from  time  to 
time  has  been  discovered,  necessitating  frequent  checks  with  standard  estro' 
gens.  The  method  seems  especially  adapted  to  the  assay  of  clinical  materials, 
such  as  blood  and  urine,  where  the  quantity  of  estrogen  is  frequently  very 
limited,  since  relatively  great  accuracy  is  obtained  consistently  when  as  few 
as  I  to  4  rats  are  used  for  each  assay. 

The  authors  are  grateful  to  Dr.  Churchill  Eisenhart  of  the  Agricultural  Statistical  Service,  College 
of  Agriculture,  for  his  technical  assistance. 
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EFFECT  OF  MASSIVE  DOSES  OF  AN  ESTROGEN 
ON  OVA  TRANSPORT  IN  OVARIECTOMIZED 
MICE' 

RAE  WHITNEY  and  H.  O.  BURDICK 
From  the  Department  of  Biobgy,  Alfred  University 

ALFRED,  N.  Y. 

IN  PREVIOUS  PAPERS  it  has  been  shown  that  small  amounts  of  an  estrogenic 
substance  (5  to  10  r.u.  daily)  will  lock  the  fertilized  ova  of  mice  in  the 
fallopian  tubes  for  4  to  6  days  resulting  in  degeneration  and  absorption  of 
the  ova  (i,  2);  that  single  massive  doses  (200  r.u.)  will  hasten  their  passage 
through  the  tubes,  making  their  entry  into  the  uterus  possible  as  early  as  27 
hours  after  finding  the  vaginal  plug  (3,  4). 

In  trying  to  answer  the  question  of  what  part  the  ovary  plays  in  achiev' 
ing  both  effects,  two  procedures  were  followed.  First,  the  removal  of  the 
ovaries  of  mice  within  i  to  15  hours  after  finding  the  vaginal  plug  (a.v.p.) 
and  autopsying  68  to  122  hours  a.v.p.;  secondly,  ovariectomy  followed 
within  24  hours  by  massive  injections  of  progynon^B  with  the  autopsy  50 
to  61  hours  a.v.p.  In  brief,  the  techniques  for  ovariectomy  and  autopsy  were 
as  follows. 

METHODS 

The  animals,  weighing  23  to  30  gm.  each,  were  injected  intraperitoneally 
with  0.2  to  0.25  cc.  (roughly  o.oi  cc.  per  gm.  of  body  weight)  of  a  solution  of 
sodium  amytal  made  by  dissolving  3  grains  of  the  sodium  amytal  in  10  cc. 
of  a  normal  saline  solution.  The  ovaries  were  approached  through  dorsal  in' 
cisions  and  the  blood  vessels  to  the  ovaries  pinched  off  with  forceps.  The 
ovary  and  surrounding  fat  were  then  removed  after  slitting  the  periovarial 
sac  and  allowing  the  tubes  to  fall  away  from  the  ovary.  Removal  of  the  ovary 
was  completed  by  carefully  clipping,  with  small  scissors,  the  tissue  between 
the  ovary  and  tube,  being  caref^ul  not  to  injure  the  tube,  and  taking  equal 
care  to  remove  the  ovarian  tissue.  The  actual  removal  of  the  ovary  was  done 
under  a  dissecting  microscope  with  the  aid  of  fine  scissors  and  forceps. 

At  autopsy  the  tracts  were  removed  through  a  mid'ventral  incision.  The 
ovarian  end  of  the  uterus  with  tube  (and  ovary  in  control  animals)  attached 
was  cut  away  from  the  lower  portion  and  each  placed  on  a  separate  slide  in 
0.5  per  cent  saline  solution.  The  uterus  was  flushed  with  normal  saline  solu' 
tion  and  the  flush  examined  for  ova.  If  none  were  found,  the  tip  of  the  uterus 
to  which  the  tube  was  attached  was  slit  carefully  on  opposite  sides  with  a 
fine  knife  blade,  as  close  to  the  projecting  lip  of  the  tube  as  possible  without 

*  These  experiments  were  made  possible  by  a  grant  from  the  Penrose  Fund  of  the  American  Phi' 
losophical  Society  and  were  administered  through  the  courtesy  of  Mr.  C.  F.  Randolph,  Treasurer  of 
Alfred  University. 
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injuring  the  lip.  Care  was  taken  not  to  apply  any  pressure  to  this  lip.  Some- 
times  ova  were  found  within  the  folds  of  the  uterine  wall  immediately  sup 
rouding  the  tube  as  though  they  had  just  escaped  into  the  uterus.  At  other 
times  the  ova  were  found  just  within  the  lip  itself  and  a  very  shght  pressure 
caused  them  to  fall  out  into  the  surrounding  fluid. 

When  ova  were  not  found  within  the  uterus  or  in  the  uterine  tip  around 
the  tube,  the  tubes  were  examined  for  ova  following  the  technic  given  in  a 
previous  paper  (i).  The  condition  of  the  tissue  of  the  tubes  varied.  In  those 
animals  in  which  the  tubes  were  normal,  as  in  mouse  30,  table  i,  at  61  hours 
a.v.p.,  the  tissue  of  the  tubes  was  white  or  pink  and  translucent  and  although 
flabby  was  not  yellow,  soft  and  ‘cheesy’  as  in  abnormal  tubes.  The  blood 
vessels  were  small  and  the  tube  pink  and  normally  vascularized.  The  upper 
portion  of  the  tube  had  previously  been  distended  with  ova  and  fluid,  but 
at  61  hours,  with  ova  in  the  lower  portion  of  the  tube,  it  had  returned  again 
to  its  normal  dimensions.  The  tissue  of  the  last  loop  of  the  tube  was  flabby 
and  the  muscle  striations  were  easily  seen.  At  this  stage  the  lumen  of  the 
uterine  portion  of  the  tube  was  more  distended  than  it  ever  had  been  when 
eggs  were  in  the  upper  end  of  the  tube,  and  the  folds  of  tissue  projecting 
from  the  walls  of  the  lumen  could  be  distinctly  seen.  In  that  portion  of  the 
tube  which  was  not  distended  these  projections  were  interlocked  and  their 
individidual  outlines  not  readily  distinguished.  In  contrast  to  this,  the  tissue 
of  the  abnormal  tubes  was,  as  already  mentioned,  yellow,  opaque,  ‘cheesy.’ 
This  abnormality  was  evidently  due  to  a  damming  of  the  blood  in  the  vessels 
surrounding  the  tubes,  causing  them  to  become  highly  engorged.  The  dam^ 
ming  was  probably  caused  when  the  large  vessels  to  and  from  the  ovaries 
were  pinched  off^  before  the  ovary  was  removed.  In  other  cases  where  much 
fat  was  left  about  the  tubes,  this  became  adhered  to  the  tubes  and  almost 
completely  obscured  them.  This  condition  was  later  avoided  when  the  fat 
was  removed  with  the  ovary. 

It  is  of  interest  that  in  mouse  44  (table  1)  the  fimbriated  end  of  the 
fallopian  tube  on  the  right  side  was  accidentally  clipped  off  when  the  ovary 
was  removed.  At  that  time  ova  were  in  the  tube,  and  the  tube  was  not  dis' 
tended  much  beyond  its  normal  pre-ovulatory  size.  When  the  animal  was 
autopsied  120  hours  later  (a.v.p.),  the  opening  of  the  ovarian  end  of  the 
tube  was  completely  sealed  over  by  a  cap  of  scar  tissue.  The  tubal  tissue  was 
normal  in  every  other  respect  except  that  the  upper  end  was  distended  with 
fluid  to  almost  twice  the  size  at  the  time  of  normal  maximum  distension  fol¬ 
lowing  ovulation.  This  distension  ceased  at  the  isthmus,  where  the  greater 
musculature  appears  in  the  tubal  walls.  There  was  very  little  debris  in  the 
fluid,  and  the  longitudinal  muscle  bands  in  the  wall  of  the  tube  in  this  region 
were  very  conspicuous  because  of  the  distance  between  them  caused  by  the 
stretching  of  the  tubal  wall  between  the  bands. 

RESULTS 

The  first  group  of  animals  (table  i,  numbers  63,  64,  6s,  68)  was  treated 
as  follows.  The  ovaries  were  removed  6  to  8  hours  a.v.p.  This  delay  was  pur¬ 
posely  planned  in  order  that  the  ova  should  be  out  of  the  periovarial  sac  and 
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well  within  the  tube  before  ovariectomy.  These  mice  were  autopsied  43,  74 
and  79  hours  later  and  examined  as  described.  In  each  case  ova  were  found  in 
the  tubes.  This  left  little  doubt  that  ova  were  delayed  in  their  normal  de' 
scent.  In  four  other  cases  (o,  3,  7,  53)  ova  were  found  in  the  uterus,  but 
careful  examination  revealed  ovarian  tissue  remaining  in  the  fat  around  the 
upper  end  of  the  tube,  which  was  quite  sufficient  to  account  for  this  dis' 

Table  i 


Ani' 

tDal 

g 

Autopsy 

Tubes 

Uterus 

Ovary 

rem' 
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— abs. 
-t-  pres. 

hr. 

after 

cast. 

hr. 

after 

inj. 

Left 

Right 
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Right 

Castrated  Animals  J^ot  Treated  With  Progynon-B 
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43 
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83 
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_ 

II 

I 

74 

99 
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DD 

— 

4 

5 

96 
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— 

43 

15 

89 
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BBZ 

44 

11 
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— 
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6 
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DM 

— 

7 

8 
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B 
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0 

I 

8 

8 

BB 

+ 
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Castrated  Animals  Receiving  Single  Injections,  200  R.U.  Each,  of  ProgynonS 
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14 

46 

16 

51 
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7 
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6 

14 

47 

19 

53 
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46 

— 

26 

7 

15 

49 

30 

56 
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— 

17 

8 

35 

45 

31 

59 

6 

F 

— 

22 

5 

14 

55 

14 

60 
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— 

13 

6 

14 

54 

14 

61 

DD 

36 

— 

15 

8 

14 

53 

37 

61 

DD 

D 

— 

F=fragmented:  Z=cmpty  zona;  D=degencrate;  M=morula;  B=blastocy8t. 


crepancy.  Since  it  seemed  certain  that  the  ova  did  not  pass  into  the  uterus 
at  the  normal  time  in  the  absence  of  the  ovary,  a  second  group  was  similarly 
treated  and  examined,  this  time  at  loo  hours  a.v.p.  The  normal  limit  of  time 
that  ova  remain  in  the  tubes  as  given  by  Pincus  (6)  is  96  hours  after  copula' 
tion,  but  Lewis  and  Wright  (7)  show  72  hours  to  be  the  average.  In  animal  4, 
table  I,  however,  ova  were  still  to  be  found  in  the  tubes  at  100  hours  a.v.p. 
The  ova  in  this  animal  were  blastocysts,  either  degenerate  or  retarded  in 
development.  The  removal  of  the  ovaries  eliminates,  of  course,  the  possibility 
of  a  subsequent  ovulation. 

Of  9  typical  cases  in  table  i,  7  animals  showed  ova  still  in  the  tubes  be' 
yond  the  usual  time  for  them  to  be  in  the  uterus.  Ova  caught  and  held  in  the 
upper  end  of  abnormal  tubes  did  not  progress  beyond  the  one  or  twO' 
cell  stage  before  degeneration.  It  is  of  interest  also  that  one'celled  ova  held 
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in  the  ovarian  end  of  abnormal  tubes  were  still  found  at  autopsy  to  be  sur' 
rounded  with  granulosa  cells  which  were  sticky  and  clung  tenaciously  about 
the  ova.  Such  a  case  was  mouse  3 .  In  this  animal,  ova  surrounded  by  granulosa 
cells  were  found  in  the  tube  3  days  a.v.p.  It  may  be  that  such  ova  were  not 
fertilized.  Four  other  animals  not  included  in  the  tables  because  of  adhesions 
and  abnormal  tubal  tissue,  also  had  ova  surrounded  by  granulosa  cells  in  the 
tubes.  These  animals  had  been  treated  similarly  to  the  others  listed  in  table  i. 

Animal  4  (table  i)  showed  an  excellent  example  of  the  effects  of  ovary 
removal.  This  animal  was  autopsied  120  hours  a.v.p.  and  the  tubes  found  to 
be  normal,  with  the  exception,  already  noted,  of  the  distension  of  the  right 
tube.  Ova  were  found  in  the  middle  third  of  the  tube.  They  were:  i  empty 
zona,  I  degenerate  4'celled  ovum  and  one  degenerate  morula.  Both  of  the 
latter  had  zonas.  There  was  no  ovarian  tissue  to  be  found  and  the  blood 
vessels  of  the  tubes  while  fairly  large,  were  not  abnormally  so. 

In  aimals  3  and  7  (table  i)  autopsied  at  75  and  104  hours  a.v.p.  respec' 
tively  and  in  animal  o  autopsied  at  8  days,  it  will  be  noted  that  enough 
ovarian  tissue  was  present  to  support  a  corpus  luteum.  The  ova  found  in  the 
uteri  were  a  normal  morula  (animal  3)  and  normal  blastocysts  (mice  7  and  o). 
This  is  in  contrast  to  the  degenerate  or  retarded  ova  found  in  animals  having 
no  ovarian  tissue. 

Having  found  evidence  that  in  uninjected,  castrated  mice,  ova  are  in  a 
majority  of  the  cases  delayed  in  passage  through  the  tubes  into  the  uterus,  a 
second  group  of  animals  (table  i)  was  castrated  shortly  after  finding  the  plug 
and  24  hours  later  there  was  given  to  each  a  single,  subcutaneous  or  intra' 
peritoneal  injection  of  200  r.u.  of  progynon'B.  At  the  end  of  from  48  to  61 
hours  a.v.p.  in  7  of  10  typical  cases,  ova  were  found  in  the  uterus.  More 
animals  were  used  in  both  groups,  but  because  of  the  abnormal  state  of  the 
tubal  tissue  causing  the  ova  to  be  held  in  the  tubes,  the  results  could  not 
be  considered  as  typical  and  were  therefore  ignored. 

DISCUSSION 

In  considering  the  results  obtained  in  table  1,  we  find  that  the  ova  in 
71  per  cent  of  the  cases  did  not  descend  into  the  uterus  at  the  normal  time  in 
castrated  animals.  The  ova  in  all  animals  having  no  ovarian  tissue  present 
were  either  unfertilized,  undeveloped  or  degenerate  whereas  those  found  in 
animals  having  ovarian  tissue  present  were  normal  in  3  of  4  cases.  Thus  in 
mouse  7  the  blastocyst  found  in  the  uterus  was  in  very  good  condition  but 
delayed  in  development  for  so  late  a  period.  The  blastocysts  from  mouse  o 
at  8  days  were  small  but  seemed  in  good  condition,  as  compared  to  morulae 
found  in  the  tubes  in  mouse  68  at  only  79  hours,  a.v.p.,  all  of  which  were 
degenerate;  in  mouse  43  the  blastocysts  were  degenerate.  The  morula  of 
mouse  3  was  normal. 

The  detention  of  ova  in  the  tubes  following  ovariectomy  in  this  experi' 
ment  is  in  line  with  the  results  of  the  work  by  Comer  (8)  who  found  in' 
stances  of  tubal  retention  of  fertilized  rabbit  ova  after  early  ablation  of  the 
corpus  luteum.  In  attempting  to  explain  this  phenomenon  Comer  says. 
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‘  ,  that  disordered  conditions  arising  in  the  ovary,  and  affecting  the  trans' 

portational  function  of  the  Fallopian  tube,  led  in  these  experiments  to  delay 
of  movement  of  the  ova  and  even  to  their  loss.’  That  this  loss  of  transporta' 
tional  function  is  due  to  insufficient  quantities  of  estrogen  seems  clearly  indi' 
cated  by  the  results  seen  in  table  i. 

In  this  table  we  notice  that  ova  were  in  the  uterus  51  to  61  hours  a.v.p. 
in  about  71  per  cent  of  the  animals.  In  unoperated  animals  receiving  the  same 
amount  of  estrogen,  the  acceleration  was  95  per  cent  (4).  Results  on  egg  con- 
dition  are  not  consistent,  for  of  the  6  animals  with  ova  in  the  uterus  3  of  these 
had  normal  ova.  In  animal  9  it  is  possible  that  ovarian  tissue  may  have  been 
present.  Of  the  5  animals  with  ova  in  the  tubes,  in  3  the  tubal  ova  were 
normal.  Apparent  abnormality  of  tubal  tissue  may  account  for  degeneration 
of  the  ova  in  one  of  the  two  remaining  cases,  mouse  23. 

The  data  obtained  show  that  acceleration  has  taken  place  in  a  majority 
of  cases  both  in  the  presence  (3,  4)  and  in  the  absence  of  the  ovary  after  mas' 
sive  doses  of  estrogen,  progynon'B.  The  ovary  seems  therefore  not  to  be  in' 
volved  in  acceleration  although  it  is  necessary  for  a  normal  3'day  passage. 
Questions  arise  as  to  the  function  of  the  estrogen  in  tubal  passage  of  the  ova. 
Is  this  a  direct  effect  of  the  estrogen  upon  the  tubes,  or  may  it  be  an  indirect 
effect  via  the  pituitary?  If  5  to  10  r.u.  of  an  estrogen  daily  for  3  days  lock  the 
ova  in  the  tubes  and  a  single  injection  of  200  r.u.  accelerates  their  passage, 
what  amount  is  the  proper  dosage  to  maintain  a  normal  3'day  descent?  Will 
an  estrogen  alone  accomplish  this  or  does  it  act  in  conjunction  with  some 
other  hormone  in  proper  balance?  Is  there  such  a  thing  as  estrogen  storage 
during  this  period,  i.e.,  if  the  ovaries  were  not  removed  until  24  hours  a.v.p. 
would  they  have  produced  enough  estrogen  to  allow  normal  descent?  Is  the 
normal  passage  facilitated  by  a  daily  increase  in  output  of  estrogen  by  the 
ovary? 

SUMMARY 

Mice  completely  ovariectomized  i  to  12  hours  a.v.p.  were  found  at 
autopsy  68  to  122  hours  a.v.p.  to  have  ova  still  in  the  tubes  in  a  majority  of 
the  cases.  In  mice  castrated  5  to  8  hours  a.v.p.  and  injected  24  to  35  hours 
later  with  one  injection  of  200  r.u.  progynon'B,  ova  were  found  in  the  uterus 
in  71  per  cent  of  the  cases  upon  autopsy  51  to  61  hours  a.v.p. 

These  findings  are  interpreted  as  indicating  that  ovariectomy  results  in 
retention  of  ova  in  the  tubes  because  of  a  hormonal  deficiency  which  can 
be  overcome  by  injections  of  an  estrogen. 

We  appreciate  the  generous  supplies  of  progynon-B  provided  through  the  courtesy  of  Dr.  Gregory 
Stragnell  of  the  Sobering  Corporation. 
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ATYPICAL  UTERINE  GROWTHS  PRODUCED 
BY  PROLONGED  ADMINISTRATION  OF 
ESTROGENIC  HORMONES' 

WARREN  O.  NELSON 

From  the  Department  of  Anatomy,  Wayne  University  College  of  Medicine 

DETROIT,  MICHIGAN 

Recent  studies  have  demonstrated  that  the  estrogenic  substances  are 
,  definitely  related  to  carcinoma  of  the  mammary  gland.  This  was  be- 
lieved  to  be  true  for  many  years,  but  it  remained  for  Lacassagne  (i)  and 
others  to  show,  by  the  administration  of  large  amounts  of  estrogenic  hormone 
to  mice  for  many  months,  that  true  mammary  carcinoma  could  be  induced. 
That  the  estrogenic  hormone  may  be  involved  in  the  etiology  of  neoplastic 
growths  of  the  uterus  has  been  suspected.  Indeed,  Witherspoon  (2),  on  the 
basis  of  the  observation  that  fibromyomas  are  frequently  associated  with 
cystic  ovaries,  suggested  that  the  former  may  be  due  to  a  stimulation  of  the 
uterine  muscle  and  connective  tissue  by  estrogenic  hormone. 

During  the  past  two  years  we  have  injected  137  female  guinea  pigs  with 
estrogenic  hormone  in  oil  solution  for  periods  ranging  from  3  weeks  to  14 
months.  About  50  of  these  animals  are  still  under  treatment. 

The  preparations  of  estrogenic  hormone  which  were  used  were  theelin, 
estrone  benzoate,  progynon-B  and  benzogynestryl.  The  first  two  are  prepara- 
tions  of  estrone  (theelin)  and  the  last  two  are  benzoated  forms  of  estradiol 
(dihydrotheelin).  In  most  instances  injections  were  begun  the  day  of  birth, 
the  remainder  within  40  days  of  birth.  In  some  cases  the  ovaries  were  re' 
moved.  Injections  were  given  every  other  day  for  theelin  and  twice  weekly 
for  the  benzoated  preparations.  Daily  dosages  have  ranged  from  50  r.  u. 
(35:0  i.u.)  to  100  R.u.  (700  i.u.)  daily  for  theelin,  were  uniformly  120  r.u. 
(750  I.u.)  for  estrone  benzoate,  and  300  r.u.  (700  i.u.)  for  benzogynestryl, 
and  ranged  from  80  r.u.  (300  i.u.)  to  130  r.u.  (500  i.u.)  for  progynon'B.  The 
dosage  in  international  units  is  based  upon  the  manufacturer’s  statement, 
while  that  in  rat  units  is  on  the  basis  of  our  own  assays.  In  these  assays  the 
rat  unit  is  that  minimum  amount  that  will  induce  full  vaginal  comification 
of  the  vaginal  smear  in  at  least  7  of  10  spayed  rats.  The  ratio  between  the 
stated  content  in  international  units  of  theelin  and  the  rat  unit  has  con' 
sistently  been  about  7:1,  of  estrone  benzoate  about  6:1,  benzogynestryl 
about  2.3:1,  and  progynon'B  about  4:1. 

A  number  of  atypical  uterine  growths  have  appeared  in  these  animals. 
A  regular  and  relatively  early  alteration  in  the  normal  uterine  pattern  has 

*  This  study  has  been  aided  by  a  grant  from  the  International  Cancer  Research  Foundation. 
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been  the  appearance  of  cystic  glandular  hyperplasia  of  the  endometrium.  The 
uterus  of  every  animal  that  had  received  treatment  for  at  least  35  days 
showed  some  degree  of  cystic  hyperplasia.  In  animals  treated  for  relatively 
short  periods  this  was  confined  to  the  uterine  horns  while  in  cases  of  longer 
duration  the  upper  half  of  the  fundus  frequently  showed  this  change.  This 
aberrent  type  of  endometrial  pattern,  the  ‘Swiss  cheese  endometrium,’  is,  of 
course,  observed  frequently  in  women  and  has  been  produced  by  other 
workers  in  rats  and  guinea  pigs  by  the  administration  of  estrogenic  hormone 
or  by  sub'total  oophorectomy.  The  animals  used  in  this  study  have  shown 
all  degrees  of  hyperplasia  from  a  few  glandular  cysts  in  the  cornua  of  the 
animals  treated  for  only  a  few  weeks  to  tremendously  enlarged  cornua  and 
fundi  distended  with  widely  dilated  glands  in  the  animals  under  treatment 
for  many  months.  The  picture  in  the  fundus,  however,  is  not  quite  typical 
of  the  condition  usually  seen  in  cystic  glandular  hyperplasia  as  the  epithelial 
cells  of  the  fundus  are  swollen  with  glycogen  instead  of  being  flattened  as 
they  are  in  the  cornua. 

In  animals  treated  for  6  months  or  more  the  endometrium  of  both  the 
cornua  and  fundus,  particularly  the  latter,  frequently  show  a  marked  ade^ 
nomatous  hyperplasia  which  is  superimposed  upon  the  cystic  glands.  The 
epithelial  cells,  particularly  in  the  fundus,  become  tremendously  enlarged 
and  swollen  with  glycogen.  The  epithelium  of  the  upper  fundus,  i.e.,  the 
portion  in  which  the  bicomuate  nature  of  the  guinea  pig  uterus  is  still  ap- 
parent  because  of  a  longitudinal  septum  which  divides  the  fundus,  as  a  re' 
suit  of  the  cystic  and  adenomatous  hyperplasia  is  thrown  into  folds  and 
villus'hke  projections  which  completely  fill  the  lumen  and  cause  a  marked 
bulging  of  the  entire  fundus.  The  lower  part  of  the  fundus,  i.e.,  the  portion 
caudad  to  the  complete  union  of  the  cornua,  does  not  show  cystic  hyper' 
plasia,  but  the  adenomatous  hyperplasia  is  very  marked.  Throughout  the 
fundus,  and  extending  into  the  cornua,  the  crypts  and  tips  of  the  folded  and 
distended  glands  show  wide'spread  metaplasia.  The  areas  of  metaplasia  are 
confined  to  cells  immediately  beneath  the  swollen  epithelial  cells  and  vary 
in  thickness  from  a  single  cell  to  many  layers  of  cells  (fig.  2  and  3). 

The  metaplastic  conditions  shown  in  the  main  body  of  the  uterus  are 
much  more  marked  in  the  cervix  where  downgrowths  from  the  surface  epi' 
thelium  are  very  striking.  They  invade  the  submucosa  in  a  manner  highly 
suggestive  of  malignancy.  The  invasive  processes  become  keratinized,  and 
pearl  formation  is  a  common  occurrence  (fig.  4).  The  vaginal  epithelium  in 
the  region  of  the  fornices  shows  a  tendency  to  encroach  upon  the  down' 
growths  of  cervical  epithelium  and  forms,  in  many  instances  a  ring  of 
epithelial  pearls  which  in  some  regions  become  continuous  with  the  meta' 
plastic  cervical  areas. 

In  an  earlier  report  (3)  it  was  noted  that  the  uteri  of  6  animals  had  shown 
one  or  more  growths  that  appeared  to  be  fibromyomatous  in  character.  At 
this  time  9  additional  cases  can  be  added  to  the  original  6.  These  tumors  vary 
in  size  from  small  pedunculated  growths  a  few  millimeters  in  diameter  to 
areas  2  cm.  in  length  and  over  i  cm.  in  width.  They  are  always  distinctly 
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elevated  from  the  uterine  surface,  are  subperitoneal,  and  usually  involve  the 
outer  longitudinal  muscle  layer.  No  instances  of  perforation  through  the 
muscle  layers  into  the  endometrium  have  been  observed.  Figure  5  shows  a 
typical  growth.  The  tumors  have  appeared  only  in  animals  treated  for  at 
least  104  days  (cases  treated  with  benzogynestryl).  In  most  instances  the 
injection  periods  have  extended  over  200  days.  Even  in  animals  treated  for 
this  length  of  time  the  occurrence  of  fibroids  is  not  constant.  Seven  animals, 
injected  for  over  200  days  have  not  shown  the  tumors  although  hyperplasia 
and  metaplasia  of  the  endometrium  have  been  as  marked  as  in  those  animals 
with  fibroids. 

Microscopically  the  tumors  show  a  predominance  of  connective  tissue 
elements,  but  fibers  of  smooth  muscle  are  present  and  interwoven  with  the 
connective  tissue.  Blood  and  lymph  vessels  are  regularly  dilated,  particularly 
in  the  peripheral  areas  of  the  growths.  Of  the  88  animals  autopsied  4  have 
died  from  peritonitis.  Two  of  these  had  tumors,  while  the  others  showed 
only  hyperplasia  and  metaplasia  of  the  endometrium. 

Animals  bearing  these  experimentally  produced  fibroids,  particularly 
the  larger  ones,  have  always  shown  irregular  periods  of  bleeding  from  the 
vagina.  Indeed,  it  has  been  possible  in  all  except  a  few  cases  to  predict  the 
finding  of  tumors  by  the  observation  of  these  periods  of  bleeding.  A  few 
animals  have  exhibited  bleeding  without  autopsy  findings  of  fibroids.  It  is 
not  supposed  that  the  bleeding  observed  in  these  guinea  pigs  is  directly  due 
to  the  presence  of  fibroids,  but  rather  that  fibroids  usually  occur  in  animals 
whose  endometrial  pattern  has  been  so  altered  that  under  certain  conditions 
hemorrhages  will  occur.  The  fibroids,  as  previously  noted,  do  not  invade  the 
mucosa  and,  indeed,  are  usually  separated  from  it  by  the  intact  inner  circular 
muscle  layer.  Microscopically,  the  uterus  of  an  animal  showing  vaginal 
bleeding  at  the  time  of  sacrifice  presents  the  condition  of  adenomatous 
hyperplasia  which  has  been  described.  However,  the  small  spaces  which 
represent  the  uterine  lumen  are  filled  with  blood  and  congested  blood  vessels 
are  commonly  observed  beneath  the  hyperplastic  uterine  glands  (fig.  6).  As 
localised  areas  of  hemorrhage  from  these  vessels  have  been  observed  it  seems 
probable  that  they  are  the  source  of  the  blood  observed  externally. 

As  to  the  cause  of  these  irregular  periods  of  bleeding  nothing  definite 
may  be  said.  It  is  well  known  that  primates  will  menstruate  when  the  level 
of  ovarian  hormone  decreases.  The  guinea  pig,  of  course,  normally  does  not 
exhibit  uterine  bleeding.  However,  in  seeking  an  explanation  for  the  periods 
of  hemorrhage  it  seemed  reasonable  to  stop,  temporarily,  injections  in  ani' 
mals  whose  previous  treatment  had  been  suflicient  to  develop  the  type  of 
endometrium  which  had  been  associated  with  bleeding.  This  was  done  in  a 
series  of  8  animals.  Five  of  these,  all  treated  with  theelin,  began  to  bleed  on 
the  fourth  day  after  the  last  injection.  The  remaining  three,  two  of  which 
had  received  progynon'B  and  one,  theelin,  did  not  bleed  during  the  8  days 
when  no  injections  were  made.  The  results  in  these  few  cases  are  only  sug' 
gestive,  and  must  be  supported  by  additional  evidence. 
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The  ovaries  of  the  animals,  particularly  those  which  had  received  treat' 
ment  from  birth  present  many  interesting  changes  which  will  be  considered 
in  another  place.  Suffice  to  call  attention  here  to  the  unusual  effect  that  has 


Fig.  1.  Section  through  fundus  of  uterus  from  a  normal  adult  guinea  pig.  X55.  Fig.  1. 
Section  through  fundus  of  uterus  from  a  guinea  pig  that  had  received  70  r.u.  of  estrone  daily 
FOR  154  DAYS.  Note  the  marked  cellular  hyperplasia  and  hypertrophy  and  the  areas  of  metaplasia  beneath 
the  epithelial  cells.  Section  was  taken  through  same  area  as  that  shown  in  fig.  i.  X55.  Fig.  j.  Section 
through  fundus  of  uterus  from  a  guinea  pig  that  had  received  ioo  r.u.  of  estrone  daily  for  29J 
DAYS.  The  endometrium  shows  marked  hyperplasia  and  metaplasia.  X70.  Fig.  4.  Section  through 
cervical  portion  of  uterus  from  a  guinea  pig  that  had  RECEIVED  IOO  R.u.  OF  ESTRONE  DAILY  FOR  tSj 
DAYS.  Note  the  metaplastic  downgrowths  from  the  surface  epithelium.  X20.  Fig.  5.  Fibromyomatous 

GROWTH  IN  THE  UTERINE  HORN  OF  A  GUINEA  PIG  THAT  HAD  RECEIVED  IOO  R.U.  OF  ESTRONE  DAILY  FOR  l68 

DAYS.  X5.  Fig.  6.  Endometrium  of  a  guinea  pig  that  had  received  100  r.u.  of  estrone  daily  for  237 
DAYS.  Bleeding  from  the  vagina  had  occurred  for  three  days  prior  to  the  day  this  animal  was  killed.  Note 
desquamation  of  the  hyperplastic  endometrium  with  areas  of  hemorrhage  into  the  lumina  and  beneath 
the  epithelium.  X  55. 
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been  observed  in  two  animals.  In  both  ovaries  of  these  animals  the  ovarian 
cortex  was  almost  completely  absent.  The  medullary  portion  was  relatively 
large  with  areas  which  strongly  suggested  small  seminiferous  tubules.  The 
rete  tubules  were  widely  dilated. 

These  experiments  are  being  continued  and  extended.  The  suggestion 
of  malignancy  shown  in  the  cervical  regions  and  the  adenomatous  hyper- 
plasia  present  throughout  the  uterine  fundus  would  seem  to  indicate  the 
desirability  of  continuing  animals  on  treatment  for  longer  periods  than  have 
thus  far  been  attained. 

SUMMARY 

The  administration  of  estrogenic  hormone  preparations  to  88  normal  or 
spayed  female  guinea  pigs  has  resulted  in  the  regular  occurrence  of  cystic 
glandular  hyperplasia  of  the  uterine  cornua.  In  animals  treated  for  several 
months  this  condition  is  extended  to  the  fundus.  Such  animals  also  show  a 
marked  adenomatous  hyperplasia  of  the  fundic  endometrium.  At  the  bases 
and  tips  of  the  hyperplastic  glands  the  epithelial  cells  became  metaplastic. 
This  condition  of  metaplasia  is  most  marked  in  the  cervical  regions  where 
downgrowths  from  the  epithelium  penetrate  the  submucosa  and  show  pro¬ 
nounced  keratinization  and  pearl  formation. 

The  uteri  of  15  animals  have  shown  multiple  subperitoneal  fibromyoma- 
tous  growths.  All  animals  bearing  these  tumors  have  shown  periods  of  spon¬ 
taneous  vaginal  bleeding.  These  periods  have  been  induced  in  5  animals  by 
the  withdrawal  of  treatment. 
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VARIATIONS  IN  THE  REACTION  OF  CHICKS  TO 
DIFFERENT  METHODS  OF  ADMINISTERING 
ANDROGENS' 

W.  R.  BRENEMAN 

From  the  Waterman  Institute,  Indiana  University 

BLOOMINGTON,  INDIANA 

Experiments  on  the  chick  in  this  laboratory  (i  and  2)  have  demonstrated 
that  oreton'B  (dihydroandrosterone'benzoate)  is  more  effective  in  pro' 
ducing  comb  growth  and  in  initiating  the  crowing  reaction  than  is  oreton 
(testosteronc'propionate).  Earlier  work  (3,  4,  and  5)  has  shown  that  andro' 
genic  compounds  of  the  testosterone  series  are  usually  more  potent  than 
those  of  the  androsterone  series,  and  that  testosterone^propionate  is  the  most 
efficient  androgen  tested.  It  has  been  reported,  on  the  other  hand,  (6)  that 
dihydroandrosterone'benzoate  is  5:0  to  100  per  cent  more  efficient  than 
androsterone  depending  on  dosage,  but  theoretically  this  compound  should 
be  less  potent  than  testosterone'propionate.  Recently  Kochakian  (7)  con' 
firmed  the  conclusions  of  others  relative  to  the  effectiveness  of  the  propionate 
ester  of  testosterone,  but  his  results  differ  from  those  of  Parkes  (5),  inasmuch 
as  equal  amounts  of  the  hormone  given  in  multiple  doses  proved  to  be  more 
effective  than  if  given  in  single  injections.  My  experiments  on  the  chick 
agree  on  this  point  with  Kochakian’s  results. 

It  seemed  logical  that  the  difference  in  the  action  of  oreton  and  oreton'B 
in  the  chick  might  be  the  result  of  a  differential  rate  of  absorption  for  the 
two  preparations,  or  that  the  two  hormones  might  react  differently  with  a 
testicular  androgen.  This  paper  contains  data  relative  to  these  two  problems. 
The  effect  of  intraperitoneal  administration  of  the  hormones  has  been  con' 
trasted  with  that  which  followed  subcutaneous  injection;  and  various  com' 
binations  of  male  hormones  were  injected  in  order  to  determine  if  there  is 
any  evidence  of  augmented  action  when  two  androgens  are  given  simul* 
taneously. 

All  of  the  chicks  used  were  single  comb  White  Leghorn  cockerels,  and  a 
total  of  316  experimental  and  85:  control  chicks  was  the  basis  for  comparison. 
When  only  one  androgen  was  given  daily,  the  injections  alternated  between 
the  right  and  left  sides,  but  in  the  combination  series  where  two  hormones 
were  administered  simultaneously  one  was  injected  on  the  right  and  the 
other  on  the  left  side.  The  hormones  were  in  sesame  oil  and  o.i  cc.  of  oil  was 
administered  daily  in  each  series.  Hormones  in  the  combination  series  were 
given  in  0.05  cc.  of  oil. 

*  Contribution  No.  8i  of  the  Waterman  Institute  and  No.  276  of  the  Zoology  Department,  Indiana 
University. 
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Intraperitoneal  and  Subcutaneous  Injection.  Previous  experiments  sug' 
gested  that  the  greater  eflfectiveness  of  oreton'B  might  be  due  to  a  more 
efficient  rate  of  absorption  or  hydrolysis.  Intraperitoneal  injection  should 
result  in  more  rapid  absorption  than  subcutaneous  administration  and,  there- 
fore,  might  be  expected  to  produce  variation  in  the  subsequent  action  of  the 
hormones.  The  data  for  seven  series  of  chicks  given  oreton  or  oreton-B  in- 
traperitoneally  and  subcutaneously  are  presented  in  table  i. 

The  results  of  series  A  to  D  indicate  that  hormones  when  injected  sub¬ 
cutaneously  are  more  effective  than  when  given  intraperitoneally,  and  that 
oreton-B  elicits  a  greater  response  than  oreton  by  either  method  of  adminis¬ 
tration.  Initial  comb  growth  after  intraperitoneal  injection  was  more  pro- 

Table  I.  Intraperitoneal  and  subcutaneous  injections 


No. 

Comb  Factor  \/HXL 

mm. 

Treatment 

Series 

of 

Day  of  Age 

Animals 

10 

15 

20 

15 

30 

35 

Intraperitoneal 

.  25  mg.  oreton 

Daily  5  to  9 

A 

20 

7.0 

10. 0 

13.8 

16.6 

18.9 

25.6 

.  25  mg.  oreton-B 

B 

14 

7-4 

I5-J 

17.6 

20.6 

27.9 

Daily  5  to  9 

C 

28 

7-5 

Subcutaneous 

.  25  mg.  oreton-B 
Daily  5  to  9 

D 

28 

8.4 

14-3 

1 . 25  mg.  oreton-B 
jth  day  only 

E 

14 

7-7 

12.7 

Control 

6y 

5-6 

4.8 

7.0 

nounced  in  the  chicks  which  received  oreton-B  (series  B)  but  comb  increment 
after  the  15th  day  was  very  similar  in  both  oreton  (series  A)  and  oreton-B 
experiments.  This  was  demonstrated  by  the  fact  that  mean  comb  si^e  for  the 
two  groups  of  animals  differed  by  a  factor  of  2.3  on  the  15th  day  and  again 
by  2.3  on  the  35th.  The  parallel  growth  after  the  15th  day  is  in  harmony 
with  previous  observation  for  similar  experiments  and  with  the  tentative 
conclusion  that  the  growth  of  the  comb  in  the  treated  baby  cockerels  was  in¬ 
fluenced  first  by  the  injected  hormone,  and  later  by  sufficient  androgen  from 
the  testes  to  make  continuous  growth  possible  after  cessation  of  injections. 
This  will  be  discussed  further  in  connection  with  the  effect  of  androgen 
combinations.  The  difference  in  response  prior  to  the  15th  day  is  a  measure 
of  the  greater  efficiency  of  oreton-B.  The  net  increase  over  the  controls  was 
2.6  on  the  loth  day  and  5.3  on  the  15th,  while  during  the  same  time  intervals 
oreton  produced  a  2.2  and  a  3.0  increase.  These  differences  might  imply  a 
slower  hydrolysis  of  oreton-B,  but  in  contrast,  comb  increment  was  greater 
in  oreton-B  series  previous  to  the  loth  day  and  this  fact  suggests  either  more 
rapid  hydrolysis  or  more  efficient  utilization  of  the  hormone.  In  this  connec¬ 
tion  it  is  notable  that  a  single  subcutaneous  injection  of  oreton-B  on  the  5  th 
day  (series  E)  was  even  more  effective  than  the  same  amount  of  the  hormone 
given  intraperitoneally  in  divided  doses.  Increase  in  comb  factors  between 
the  loth  and  15th  days,  however,  was  almost  identical  in  these  series. 
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The  results  in  table  i  show  clearly  that  the  relative  effectiveness  of 
oreton  and  oreton'B  was  not  altered  by  using  a  different  injection  site. 
Whether  administered  intraperitoneally  or  subcutaneously  oreton^B  was  the 
more  effective  and  it  must  be  concluded  that  the  place  of  injection  probably 


Tabie  2.  Simultaneous  injection  of  androgens 


Treatment* 

Series 

No. 

of 

Animals 

5 

Comb  Factor  -v/HXL  mm. 
Day  of  Age 

10  20 

15 

.  125  mg.  oreton  plus 
.125  mg.  oreton-B 

1st  to  4th  day 

F 

16 

5-4 

10.7 

14-5 

- 

- 

.  25  mg.  oreton'B 

1st  to  4th  day 

G 

10 

5.8 

12.2 

17-4 

— 

— 

.125  mg.  oreton  plus 
.125  mg.  oreton-B 

H 

12 

— 

10.2 

15-9 

20.2 

25.0 

.  25  mg.  androstenedione 

I 

14 

- 

6.7 

9.6 

12.7 

15.2 

.  2y  mg.  dehydroandrosterone 

J 

12 

- 

6.4 

9.0 

13-7 

16.4 

.125  mg.  androstenedione  plus 
.125  mg.  dehydroandrosterone 

K 

12 

— 

7-9 

11.0 

14-7 

18.9 

.12;:  mg.  androstenedione  plus 
.  125  mg.  oreton-B 

L 

12 

— 

10.5 

16.2 

21.2 

25.9 

.  i2y  mg.  dehydroandrosterone  plus 
.  125;  mg.  oreton'B 

M 

12 

— 

9.9 

iy.8 

20.4 

26.0 

.125  mg.  oreton  plus 

.I2J  mg.  dehydroandrosterone 

H 

13 

— 

9.1 

12. 1 

16.2 

20.8 

.  125  mg.  oreton  plus 
.125  mg.  androstenedione 

0 

12 

— 

8.2 

II. 7 

15.8 

21.6 

.  125  mg.  oreton  plus 

.125  mg.  dehydroandrosterone 

P» 

12 

— 

8.3 

11.1 

15.7 

21.6 

Complete  and  Incomplete  Capons 

1  mg.  oreton 

10 

- 

6. 1 

11.2 

13-8 

15-7 

Incomplete  capons 

With  2y%  testis  tissue 
.  25  mg.  oreton'B 

R 

10 

- 

6.4 

14.0 

18.3 

24.2 

Incomplete  capons 

With  R.  testis  intact 
.  25  mg.  oreton'B 

S 

10 

- 

9-4 

16.5 

21.8 

28.0 

*  Except  where  otherwise  indicated  all  injections  were  made  from  the  5th  to  9th  days  inclusive. 

*  Injected  after  admixture  in  vitro. 


is  not  the  primary  factor  establishing  the  differential  response  of  the  chick  to 
oreton  and  oreton-B.  The  alternative,  that  an  interaction  between  androgens 
is  involved,  must  be  considered  as  a  possible  explanation. 

Simultaneous  Injections  of  Androgens.  There  are  references  in  the  litera' 
ture  relative  to  augmented  action  of  androgens.  Kochakian  found  among  the 
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male  hormones  which  he  used  a  urine  extract  with  greater  androgenic  effect 
than  was  to  be  expected  on  the  basis  of  the  known  androgens  found  in  the 
urine  sample.  He  also  cites  other  work  that  reports  similar  results.  The  possi' 
bility  that  proper  combinations  of  androgens  may  elicit  greater  response  than 
would  be  expected  from  a  summation  of  their  effects  is  of  interest  in  connec' 
tion  with  the  chick  experiments.  Accordingly,  various  injections  of  oreton, 
oreton'B,  dehydroandrosterone,  and  androstenedione  were  made  in  which 
two  of  the  hormones  were  given  simultaneously.  These  data  are  summarized 
in  table  2. 

When  oreton  and  oreton^B  were  given  at  the  same  time,  the  resultant 
comb  growth  was  quite  marked  (series  F).  Curiously  enough,  these  chicks 
crowed  at  seven  days  of  age.  It  should  be  noted  that  the  total  amount  in 
milligrams  of  the  two  hormones  used  was  equal  to  the  amount  given  sepa¬ 
rately  of  either  oreton  or  oreton-B  in  earh'er  work,  but  in  that  work  the 
crowing  reaction  was  not  noticed  before  the  nth  day.  The  coincidence  of 
crowing  with  definite  comb  growth  implies  that  the  two  hormones  produce 
a  greater  response  than  does  one  hormone  injected  in  larger  amount.  Oreton- 
B,  however,  when  given  alone  (series  G)  in  an  amount  equal  to  the  dosage 
of  oreton  plus  oreton-B  in  the  combination  series,  resulted  in  larger  combs 
than  those  observed  in  series  F,  and  chicks  developed  the  crowing  response 
by  the  5th  day  after  hatching.  The  failure  of  cockerels  to  crow  at  this  age  in 
previous  work  probably  can  be  explained  by  the  fact  that  injections  started 
on  the  I  St  day  were  subsequently  made  only  on  alternate  days.  When  oreton 
and  oreton-B  were  given  together  from  the  5th  to  9th  days  (series  H)  combs 
were  large  and  crowing  occurred  on  the  8th  day.  Comb  growth,  however, 
was  not  as  great  as  in  the  two  combination  series  injected  from  the  ist  day. 
The  relative  increment  after  cessation  of  injections  was  quite  similar  for  the 
three  series. 

The  growth  of  the  comb  after  the  injection  of  androstenedione  (series  I) 
or  dehydroandrosterone  (series  J)  was  less  than  that  produced  by  oreton  or 
oreton-B,  but  there  were  differences  in  comb  size  in  the  androstenedione  and 
dihydroandrosterone  series  which  may  be  significant.  The  combs  of  the 
animals  injected  with  androstenedione  were  larger  prior  to  the  20th  day  but 
were  smaller  on  and  after  that  time.  Preliminary  study  has  indicated  histo¬ 
logical  differences  in  the  testes  of  chicks  in  these  series,  and  this  may  aid  in 
interpreting  the  results.  The  injection  of  androsterone  and  dehydroandro¬ 
sterone  simultaneously  (series  K)  was  accompanied  by  greater  comb  growth 
than  that  which  occurred  when  each  hormone  was  given  separately.  This 
response  differed  from  that  which  followed  administration  of  oreton  plus 
oreton-B  but  average  comb  size  was  smaller  than  that  produced  by  the 
latter  preparations. 

Suggestive  differences  appear  in  the  results  of  the  experiments  in  which 
either  oreton  or  oreton-B  was  combined  with  either  androstenedione  or 
dehydroandrosterone  (series  L,  M).  Both  of  the  oreton-B  combination  series 
had  larger  comb  averages  than  did  the  corresponding  oreton  combinations. 
Even  more  remarkable  was  the  fact  that  oreton-B  plus  androstenedione  was 


January,  1939 


ADMINISTRATION  OF  ANDROGENS 


59 


more  efficient  in  promoting  comb  growth  than  was  oreton  plus  oreton-B. 
Comb  factors  for  chicks  injected  with  dehydroandrosterone  plus  oreton-B 
did  not  differ  significantly  from  the  oreton  plus  oreton'B  averages. 

Comb  increment  in  the  oreton  combination  series  was  notably  less  than 
that  in  the  oreton'B  groups.  There  was  one  essential  difference,  however, 
between  the  two  series:  the  simultaneous  injection  of  dehydroandrosterone 
with  oreton  (series  7^)  produced  combs  that  were  distinctly  larger  than  those 
in  the  androstenedione  plus  oreton  series  (series  O).  The  difference  in  comb 
averages  which  resulted  when  these  two  androgens  were  injected  with 
oreton'B  was  slight,  as  was  pointed  out  above,  but  the  chicks  that  received 
androstenedione  plus  oreton'B  actually  had  the  larger  head  furnishings.  No 
explanation  for  these  differences  can  be  advanced  at  present. 

The  question  arose  during  the  experiments  whether  the  hormones  might 
be  more  effective  if  mixed  in  vitro  instead  of  in  vivo.  Two  experiments 
(series  N  and  P)  serve  to  clarify  this  point.  Dehydroandrosterone  adminis' 
tered  with  oreton  after  admixture  in  vitro  proved  to  be  less  effective  than  the 
same  amounts  of  the  two  hormones  injected  simultaneously  but  separately. 
The  greater  efficiency  of  the  separate  injections  probably  is  due  to  the  fact 
that  two  injections  were  made  (on  both  sides  of  the  animal)  and  the  o.i  cc. 
of  oil  was  actually  being  administered  in  divided  dosages  of  0.05  cc.  each 
which  would  permit  better  absorption.  It  is  obvious  that  there  was  no  in' 
crease  in  the  activity  of  these  two  substances  as  a  result  of  admixture  in 
vitro,  and  therefore,  that  apparently  no  chemical  modification  had  occurred. 

The  testes  in  the  chicks  at  this  age  are  small,  averaging  about  10  mg.  on 
the  5th  day  of  age  and  16  mg.  on  the  loth  day.  At  first  it  did  not  seem  logical 
to  expect  much  androgenic  effect  from  gonads  so  small.  A  study  of  the 
normal  chick  from  hatching  to  one  month  of  age  (8)  suggested  that  there 
was  an  appreciable  amount  of  some  comb  growth  promoting  substance 
available.  The  response  of  the  chick  to  oreton'B  in  combination  with  other 
androgens  supports  the  idea  that  the  greater  effectiveness  of  oreton'B  in  the 
intact  chick  may  be  due  to  its  interaction  with  an  androgen  of  testicular 
origin.  A  further  check  along  this  line  was  made  by  injecting  caponi^d  and 
partially  caponized  chicks  with  oreton  or  oreton'B.  Because  testosterone' 
propionate  apparently  is  able  to  elicit  the  maximum  response  in  the  capon 
the  complete  capons  (series  ^  were  given  i.o  mg.  daily,  the  largest  amount 
of  hormone  given  in  any  of  the  experiments.  Two  groups  of  partial  capons 
were  given  oreton'B:  the  first  series  had  25  per  cent  or  less  of  testicular 
tissue  when  injections  began  (series  R);  while  chicks  in  the  second  had  the 
left  testis  removed,  the  right  remaining  intact  (series  S).  Although  the  capons 
received  more  hormone,  the  combs  remained  smaller  than  those  of  the  chicks 
which  had  25  per  cent  of  their  gonad  tissue.  Still  more  significant  by  com' 
parison  was  the  response  of  the  chicks  which  had  one  testis:  the  comb  sizes 
were  much  larger  than  in  either  the  complete  capons  or  the  series  with  25 
per  cent  testicular  tissue,  and  compared  favorably  with  combs  in  those 
chicks  given  oreton'B  in  combination.  It  must  be  admitted,  however,  that 
these  series  may  be  somewhat  misleading  because  the  number  of  animals  is 
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not  SO  adequate  as  might  be  desired.  It  is  likely  that  additional  experimental 
chicks  might  result  in  lower  comb  averages.  The  fact  that  the  averages  in  the 
latter  group  exceed  those  for  series  D  in  table  i  must  actually  be  discounted, 
as  will  be  pointed  out  in  connection  with  table  3,  because  there  was  consider¬ 
able  weight  difference  between  these  two  groups  of  chicks.  After  allowance 
has  been  made  for  inadequacies  in  the  data,  the  results  show  clearly  that  the 
response  of  the  comb  is  modified  by  the  amount  of  testicular  tissue  present. 
Whether  this  response  is  proportional  to  the  amount  of  tissue  present  can 
only  be  determined  by  further  study. 

Effect  on  Body  Weight.  Hamilton  (9)  has  called  attention  to  the  fact  that 
in  his  experiments  with  testosterone-propionate  the  body  weight  of  in¬ 
jected  chicks  was  less  than  that  of  the  controls.  The  data  did  not  appear  to 
differ  significantly  for  males  on  the  7th  day;  but  in  older  birds  the  difference 
was  marked.  It  is  difficult  to  evaluate  weight  averages  in  the  chick  because 


Table  3.  Body  weight  in  control  and  injected  chicks 


Treatment 

Scries* 

10 

Day  of  Age 

IT 

20 

Group  A 

Oreton'B 

E 

70* 

100 

147 

Oreton-B 

B 

66 

91 

1x8 

Control 

64 

91 

147 

Group  B 

Orcton  plus  orcton-B 

H 

78 

101 

141 

Androstenedione  plus  cu’eton'B 

L 

83 

111 

153 

Dehydroandrosterone  plus  oreton 

H 

78 

103 

141 

Control  (ic) 

84 

121 

161 

Group  C 

Low  diet  (14) 

Low  diet  plus  oreton'B  (ii) 

41 

48 

*  Refers  to  series  designation  in  tables  i  and  a. 

*  All  weights  are  in  grams. 


there  is  considerable  individual  variation  due  to  crowding,  feed,  and  other 
factors.  Some  of  the  representative  series  showing  body  weights  in  control 
and  injected  chicks  appear  in  table  3.  Additional  series  which  could  have 
been  included  would  not  modify  the  table  except  to  increase  the  number  of 
animals  for  comparison. 

Group  A  chicks  were  kept  in  a  battery  brooder  with  about  90  to  100 
chicks  per  compartment.  Group  B  represents  a  more  optimum  condition  in 
which  about  50  chicks  were  in  a  compartment.  Group  C  experiments  were 
those  in  which  chicks  were  placed  on  a  reduced  diet.  The  experiments  in 
group  A  do  not  indicate  any  definite  modification  in  body  weight  ratios 
before  the  20th  day,  but  at  that  time  one  of  the  two  series  was  distinctly 
below  the  control  average.  Group  B  animals  with  better  living  conditions 
demonstrated  no  significant  difference  between  control  and  experimental 
birds  on  the  loth  day,  but  by  the  15  th  and  20th  days  the  treated  animals  were 
considerably  lighter  than  the  controls.  Mean  body  weight  for  the  group  C 
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animals,  placed  on  reduced  diet  was  about  the  same  on  the  loth  day.  It  is 
evident  that  there  were  weight  differences  between  control  and  experimental 
birds.  The  control  chicks  did  not  exceed  the  treated  until  after  injections 
ceased  but  from  that  time  on  the  untreated  became  progressively  heavier. 
Unfortunately,  the  data  are  too  insufficient  to  permit  any  but  premature 
conclusions  at  this  time.  Two  points  are  notable,  however;  the  low  diet 
series  indicate  both  control  and  injected  chicks  were  equally  efficient  in  the 
utilisation  of  their  food,  but  a  comparison  of  the  birds  in  groups  A  and  B 
implies  that  with  ample  food  available  an  undertermined  factor,  perhaps 
appetite,  is  also  involved. 

It  was  mentioned  above  that  the  partial  capons  (table  2)  were  group  B 
chicks  and  the  oreton-B  birds  used  for  comparison  (table  i)  were  in  group 
A.  The  considerable  weight  difference  which  existed  between  animals  in 
these  groups  undoubtedly  influenced  the  comb  averages  in  the  two  series 
and  this  must  be  considered  when  comparisons  are  made. 

SUMMARY 

The  relative  effectiveness  of  oreton  and  oreton^B  in  the  chick,  as  meas- 
ured  by  comb  growth,  was  the  same  whether  injections  were  made  subcu' 
taneously  or  intraperitoneally.  Both  hormones  were  more  efficient  when  ad' 
ministered  subcutaneously  but  comb  growth  was  always  greater  in  those 
animals  which  received  oreton'B. 

Androstenedione  and  dehydroandrosterone  proved  to  be  less  effective 
than  oreton  or  oreton'B  in  promoting  comb  growth.  Simultaneous  injection 
of  each  of  these  hormones  with  either  oreton  or  oreton'B  demonstrated  that 
the  oreton'B  combinations  were  more  potent.  Androstenedione  plus  oreton'B 
actually  ehcited  greater  comb  growth  than  did  oreton  plus  oreton'B.  Chicks 
which  received  dehydroandrosterone  plus  oreton  after  admixture  in  vitro 
had  smaller  combs  than  those  birds  which  were  given  these  two  hormones 
simultaneously  but  in  separate  injections.  Because  androstenedione  and 
dehydroandrosterone  had  greater  potency  when  they  were  administered 
simultaneously  with  each  other  or  with  oreton'B,  it  must  be  concluded  that 
combination  in  vivo  augments  the  action  of  these  androgens  when  admin' 
istered  to  the  chick. 

Injection  of  oreton  or  oreton'B  into  complete  and  partial  capons  indicates 
that  although  testes  are  small  in  the  10  and  15'day'old  chicks,  they  probably 
release  some  androgenic  substance.  Partially  caponized  birds  with  25  per 
cent  or  less  of  testicular  tissue  had  larger  combs  than  did  the  complete  capons 
in  spite  of  the  fact  that  the  capons  received  more  hormone.  Combs  of  chicks 
with  one  testis  intact  were  larger  than  were  those  of  the  birds  with  25 
per  cent  gonad  tissue. 

Body  weight  was  essentially  the  same  in  both  control  and  injected  chicks 
until  after  cessation  of  injections.  The  controls  then  become  progressively 
heavier.  Untreated  chicks  which  were  given  ample  room  and  food  exceeded 
the  experimental  in  average  body  weight  by  the  15th  day.  The  differences 
in  weight  averages  were  less  if  the  animals  were  somewhat  crowded,  and  the 
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control  and  experimental  chicks  placed  on  reduced  diet  did  not  vary  appre- 
ciably  in  average  weight  on  the  loth  day. 

Baby  cockerels  which  received  oreton  plus  oreton-B  for  the  first  five  days 
after  hatching  were  able  to  crow  by  the  seventh  day.  Birds  given  oreton-B 
alone  during  the  same  time  period  but  in  an  amount  equal  to  the  combined 
dosage  of  oreton  plus  oreton-B  demonstrated  their  ability  to  crow  on  the 
fifth  day  of  age. 

I  wish  to  thank  Dr.  Max  Gilbert  of  the  Sobering  Corporation,  Bloomfield,  New  Jersey,  for  his 
kindness  in  furnishing  the  hormones  used  in  this  study. 

Research  assistance  was  given  by  the  N.Y.A. 
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THE  SPECIFIC  METABOLIC  PRINCIPLE 
OF  THE  PITUITARY 


L.  W.  BILLINGSLEY.  D.  K.  O'DONOVAN*  and  J.  B.  COLLIP 
From  the  Department  of  Biochemistry,  McGill  University 

MONTREAL,  CANADA 

The  presence  of  a  thermostable  metabolic  stimulant  in  pituitary  extracts, 
which  produces  an  immediate  increase  in  oxygen  consumption  and  low¬ 
ering  of  the  R.Q.  in  rabbits,  has  been  reported  (i).  The  active  principle, 
termed  the  specific  metabolic  principle  of  the  pituitary,  has  been  differenti¬ 
ated  from  all  the  well-established  pituitary  hormones  with  the  exception  of 
the  melanophore-expanding  hormone.  Its  relation  to  the  latter  has  already 
been  discussed.  In  another  communication  from  this  department  Neufeld 
and  Collip  (2)  reported  that  similar  extracts  have  in  addition  the  following 
properties:  a),  production  of  ketonemia  in  fasted  rats;  b),  production  of 
increased  glycosuria  and  ketonuria  in  Houssay  dogs;  c),  an  antagonistic  ac¬ 
tion  on  the  hypoglycemia  of  insulin  and  the  hyperglycemia  of  adrenalin; 
d),  a  glycostatic  action,  similar  to  that  described  by  Russell  and  Bennett  (3), 
on  rats,  guinea  pigs  and  rabbits. 

The  experiments  reported  here  are  mainly  concerned  with  metabolic 
studies  made  on  the  smaller  laboratory  animals  in  order  to  ascertain  whether 
other  endocrine  glands  were  involved  in  this  metabolic  stimulation. 

METHODS 

The  oxygen  consumption  was  measured  by  a  multiple-chamber  respira¬ 
tion  apparatus  of  Benedict,  as  previously  used  by  Anderson  and  Collip  (4). 
Rats  were  fed  a  diet  of  Purina  Chow;  guinea  pigs  received  rolled  oats  as 
well  as  a  single  meal  of  fresh  vegetables  each  day,  the  latter  not  being  given 
during  an  experiment  lest  the  large  food  intake  might  influence  the  oxygen 
consumption  by  its  specific  dynamic  effect.  The  rats  and  guinea  pigs  were  of 
both  sexes  and  weighed  about  200  gm.  each.  They  were  kept  in  a  constant- 
temperature  room,  in  which  all  the  experiments  were  performed,  for  at  least 
one  week  before  use;  during  this  time  they  were  accustomed  to  handling  by 
a  few  control  estimations  of  oxygen  consumption.  Finally  after  one  such 
preliminary  control  observation,  an  injection  of  pituitary  extract  was  given 
subcutaneously  or  intraperitoneally,  and  a  second  observation  taken  ap¬ 
proximately  3  to  5  hours  later.  The  percentage  change  in  oxygen  consump¬ 
tion  following  the  injection  is  reported.  The  animals  were  not  fasted,  since 
it  has  been  the  experience  of  this  laboratory  that  consistent  respiratory  data 
can  be  obtained  on  fed  animals  (4),  and  since  in  rabbits  the  metabolic  stimu- 
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lation  under  consideration  is  of  the  same  percentage  magnitude  irrespective 
of  the  nutritive  state  of  the  animal  (o  to  48  hours  fast). 

In  a  limited  number  of  experiments  where  the  R.Q.  was  also  studied  in 
guinea  pigs  weighing  250  to  300  gm.,  a  modified  Haldane  apparatus  was  used. 
A  control  value  was  first  obtained  over  a  a-hour  period.  The  injection  was 
then  given  intraperitoneally  and  a  second  observation  made  from  the  first 
to  the  fourth  hour  after  the  injection. 

The  extracts  used  were  made  from  dissected  anterior  lobes,  and  the  meth¬ 
ods  of  preparation  have  already  been  described  in  previous  publications 
(1,2).  The  thjnrotropic  preparations  referred  to  below  represent  a  70  per  cent 
alcohol  precipitate  from  a  primary  aqueous  extract  of  ox  pituitaries  at  pn  5. 

RESULTS 

Figure  i  shows  a  typical  response  in  a  group  of  4  guinea  pigs  to  daily 
injection  of  o.i  cc.  of  a  thyrotropic  preparation,  in  which  the  daily  fluctua- 


Fig.  1.  Change  in  oxygen  consumption  (average  of  4  guinea  pigs)  with  daily  subcutaneous 
INJECTIONS  OF  O.I  CC.  OF  A  THYROTROPIC  EXTRACT.  o  =  thc  prc-injcction  IcvcI;  x  =  thc  level  5  hours  after 
injection.  No  injections  were  given  on  the  5th  and  6th  days.  The  average  thyroid  weight  on  the  8th 
day  was  49  mg.  with  ++/  +  +  +  hyperplasia. 

tions  of  oxygen  consumption  due  to  the  specific  metabolic  principle  that  con¬ 
taminated  the  preparation  are  represented  by  the  vertical  lines.  The  oxygen 
consumption  was  estimated  before,  and  5  hours  after,  each  daily  injection.  On 
the  fourth  day  the  pre-injection  level  of  metabolism  was  +28  per  cent  over 
the  normal  level.  Hence  this  increase  represents  the  cumulative  effect  of  4 
days’  treatment  with  the  thyrotropic  hormone.  It  is  obvious  that  by  over¬ 
looking  the  presence  of  the  second  factor,  causing  the  immediate  and  more 
transitory  metabolic  effect,  one  would  introduce  an  error  in  the  study  of  the 
thyrotropic  hormone. 


January,  i9J9 


PITUITARY  METABOLIO  PRINCIPLE 


65 


It  was  found  that  a  considerable  proportion  of  the  specific  metabolic  fac' 
tor  could  be  separated  from  the  thyrotropic  hormone  by  the  following  pro- 
cedure.  A  thyrotropic  extract  was  precipitated  with  80  per  cent  alcohol  and 
the  precipitate  dissolved  in  water.  After  a  second  precipitation  the  final 
aqueous  solution  was  boiled  at  pn  4.5  for  10  minutes.  The  heavy  coagulum 
was  separated  from  the  filtrate,  washed  with  25  per  cent  alcohol  and  made  up 
to  the  original  volume  by  suspension  in  water.  The  filtrate  was  also  made 
up  to  the  same  volume  with  water.  Both  fractions  were  injected  in  0.5'CC. 


Fig.  a.  Change  in  oxygen  consumption  with  injection  of  the  filtrate  (solid  lines)  and  the 
PRECIPITATE  (interrupted  lines),  AS  DESCRIBED  IN  THE  TEXT.  o  =  thc  prc-injection  level;  x  =  the  level  5 
hours  after  injection.  The  average  thyroid  weight  of  filtratC'injected  animals  on  the  6th  day  was  49  mg. 
with  d--f/  +  +  +  hyperplasia.  The  average  of the  precipitate-injected  group  was  aj  mg.  with  no  hyper¬ 
plasia.  The  data  are  the  average  of  4  guinea  pigs  in  each  case. 

doses  daily  into  two  groups  of  guinea  pigs.  Their  metabolic  effects  are  repre' 
sented  in  fig.  2.  It  is  apparent  that  the  precipitate  contains  the  specific 
metabolic  principle,  but  is  devoid  of  thyrotropic  activity  as  indicated  by  the 
following  criteria:  a),  no  increase  in  the  prednjection  level  of  oxygen  con' 
sumption  on  the  fifth  day,  and  b),  the  absence  of  hyperplasia  or  weight  in' 
crease  of  the  thyroids  taken  on  the  sixth  day  (the  normal  thyroid  weight  for 
the  colony  is  20  to  30  mg.  in  200'gm.  guinea  pigs).  On  the  other  hand,  the 
filtrate  contains  not  only  much  of  the  thyrotropic  activity  originally  present 
in  the  extract  but  also  some  of  the  specific  metabolic  principle  not  precipi' 
tated  in  the  above  procedure. 

Table  i  includes  observations  of  the  oxygen  consumption  at  varying 
intervals  after  injection  of  different  pituitary  fractions  into  guinea  pigs  and 
rats — normal,  hypophysectomi^ed  and  thyroidectomizied.  It  is  apparent  that 
the  immediate  metabolic  stimulation  is  more  evident  in  guinea  pigs  than  in 
rats,  and  is  not  dependent  on  the  thyroid  or  pituitary  gland.  The  maximum 
increase  in  oxygen  consumption  occurred  about  the  third  hour,  after  which 
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there  was  a  slow  return  to  normal.  The  hypophysectomized  rats  appeared  to 
be  more  sensitive  than  the  intact  animals.  Controls  injected  with  distilled 
water  did  not  show  a  significant  increase  in  oxygen  consumption  at  the  third 
hour  (+2  per  cent).  The  data  on  a  single  group  of  rats  injected  daily  during 
the  preceding  2  months  with  an  alkaline  extract  of  anterior  lobes  (Evans- 
Bum’s  extract)  show  no  evidence  of  resistance  and  are  thus  in  agreement 
with  previously  pubUshed  observations  on  rabbits  (i). 

Table  i 


No.  of 
animals 

Operation 

Extract 

Dose 

cc. 

Percentage  change  in  Oj 
consumption 

Hours  after  injection 

1 

1 

5 

7 

4  guinea  pigs 

— 

Thyrotropic 

0.2,  subcut. 

+  I 

+  18 

+  11 

+  a 

5  guinea  pigs 

— 

Thyrotropic^ 

o.i,  subcut. 

— 

+11 

+  17 

+  9 

2  guinea  pigs 

Thyroidectomy 

Thyrotropic 

Thyrotropic* 

0.2,  subcut. 

+  19 

+  JJ 

+  15 

+  16 

4  guinea  pigs 

Thyroidectomy 

0.2,  subcut. 

+  15 

4-J5 

+  17 

+  12 

2  rats 

— 

Thyrotropic 

0.25,  subcut. 

+  5 

+  11 

+  5 

+  5 

4  rats 

Thyroidectomy 

Thyrotropic 

0.25,  subcut. 

— 

+  7 

+  17 

— 

2  rats 

HvDOohvsectomv 

Thyrotropic* 

0.25,  subcut. 

— 

+J8 

+  7 

+  7 

8  rats 

(Injected  daily  for 

2  months  previ¬ 
ously) 

Evans-Burn's 
alkaline  extract 

i.o,  intraperit. 

+20 

4  rats 

HvDODhvsectomv 

A.  I.  F. 

i.o  subcut. 

— 

+24 

— 

+  4 

5  guinea  pigs 

— 

Distilled  water 

0.5,  subcut. 

— 

+  1 

— 

— 

*  Extract  exposed  to  the  temperature  of  a  boiling-water  bath  for  i  hr.  at  pn  8.0. 

The  role  of  the  adrenals  was  investigated  in  completely  adrenalectomized 
guinea  pigs.  Residual  tissue  adherent  to  the  vena  cava  on  the  right  side  was 
removed  with  a  fine  suction  cannula.  The  animals  received  cortin,  containing 
10  dog  units  per  cc.,  in  doses  of  2  to  3  cc.  per  day  after  operation.  Notwith¬ 
standing  this  treatment,  7  of  the  14  animals  operated  on  never  recovered 
sufliciently  to  be  included  in  an  experiment,  and  died  soon  after.  The  remain¬ 
ing  7  appeared  normal  after  24  hours,  possibly  owing  to  residual  cortical 

Table  2.  The  immediate  rise  in  O2  consumption  in  adrenalectomized  guinea  pigs.  The  percentage 

CHANGE  AT  THE  JRD  HOUR  AFTER  INTRAPERITONEAL  INJECTION  OF  I  CC.  OF  EXTRACT  622 


Percentage  response  in  the  days  after  operation 


%  increase 

1 

2 

3 

4 

7 

+  ia 

+i7‘ 

+  *9 

+  6 

+  13 

+  3 

+11 

+17 

+  9 

+  8* 

+19 

+  17 

+  6 

+15 

+*9 

— 

+  4 

+  0 

+  11 

+  19 

+11 

— 

+22 

+  8 

*  Respectively  8  and  25  mg.  of  adrenal  cortical  tissue  found  in  these  two  animals  at  autopsy. 

tissue  (actually  found  in  two  cases).  The  data  obtained  on  these  animals  are 
presented  in  table  2.  It  appears  that  within  24  hours  after  operation  the 
response  is  subnormal,  but  returns  later  to  approximately  the  level  observed 
before  operation.  In  these  experiments  cortin  was  not  given  during  the  pre- 
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ceding  3  hours,  so  that  the  effect  was  due  solely  to  the  pituitary  extract.  The 
results  appear  to  rule  out  the  possibility  that  adrenalin  secretion  plays  a  part 
in  the  rise  in  oxygen  consumption,  and  thus  further  confirms  the  antagonism 
between  such  pituitary  fractions  and  adrenalin  indicated  in  previous  publica^ 
tions  (i,  2). 

To  confinn  the  observations  on  rabbits  with  regard  to  the  fall  in  the 
R.Q.  associated  with  the  rise  in”oxygen  consumption,  6  guinea  pigs  were 
injected  with  i  cc.  of  extract  622  (2).  Table  3  shows  the  typical  drop  in  the 
R.Q.,  particularly  when  the  oxygen  consumption  is  simultaneously  increased. 


Table  j.  Influence  of  extract  622  (i  cc.  injected  intraperitoneally)  on  O2  consumption  and 

R.Q.  OP  GUINEA  PIGS 


R.Q. 

before  injection 

R.Q. 

O2  consumption 

1-4  hours  after  injection 

•95 

•77 

+15% 

•97 

.76 

+  8% 

.96 

.80 

+15% 

1. 01 

I. 00 

-10% 

1. 00 

•  99 

-  1% 

•99 

.81 

+  5% 

DISCUSSION 

The  data  presented  indicate  that  the  specific  metabolic  principle  of  the 
pituitary  may  be  studied  in  young  guinea  pigs,  while  normal  rats,  although 
less  responsive,  are  also  suitable  test  objects.  It  appears  unnecessary  to  use 
thyroidectomizied  animals,  since  the  effect  of  the  thyrotropic  hormone  medi' 
ated  through  the  thyroid  gland  is  characterized  by  a  much  longer  latent 
period,  and  can  therefore  hardly  be  confused  with  the  immediate  metabolic 
stimulation.  Furthermore,  by  exposure  of  the  extracts  to  the  temperature 
of  the  boiling'water  bath  for  i  hour  at  pn  8  the  thyrotropic  activity  is  largely 
destroyed  (5:),  without  appreciable  destruction  of  the  specific  metabolic 
principle,  as  shown  in  table  i. 

In  the  assay  of  pituitary  extracts  for  specific  metabolic  activity  by  the 
method  of  oxygen  consumption  there  are  certain  difficulties  to  be  contended 
with.  The  fact  that  vasopressin  lowers  oxygen  consumption  in  its  initial 
phase  (i)  requires  that  the  extract  be  relatively  free  from  this  principle.  Also 
some  anterior  pituitary  extracts  may  contain  toxic  substances  which  lower 
the  oxygen  consumption,  particularly  in  hypophysectomized  animals.  How' 
ever,  after  a  few  daily  injections  such  effects  may  disappear,  giving  place 
to  the  typical  metabolic  response.  Another  point  that  must  be  taken  into 
consideration  is  the  relation  of  the  response  to  variation  in  dosage.  Table  4 
shows  the  immediate  effect  of  an  extract  on  the  oxygen  consumption  of  rab' 
bits  with  doses  varying  from  i  to  4  cc.  (each  animal  had  previously  been 
injected  daily  for  more  than  two  weeks  with  4  cc.  of  extract).  It  seems  ob\d' 
ous  that  with  increasing  dosage  a  maximum  level  is  obtained  which  does  not 
vary  with  further  increase  in  the  amount  given.  Hence  one  may  temporarily 
define  the  rabbit  unit  as  the  minimal  dose  given  subcutaneously  which  will 
cause  the  maximum  metabolic  stimulation  at  about  the  third  hour,  when  a 
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Table  4.  Effect  of  varying  the  daily  dosage  on  Oi  consumption  of  chronic  injected  rabbits,  using 

EXTRACT  A  (an  OX  THYROTROPIC  PREPARATION)  SUBCUTANEOUSLY 


Serial 

no. 

Sex 

Dose 

cc. 

Oxygen  consumption 

Before  injection 

Peak  about  3  hr. 
after  injection* 

%  increase 

21 

F 

4 

111 

■||■!||||■■ 

4 

105 

2 

108 

1 

iia 

1x6 

i 

106* 

141 

1 

91 

113 

16 

F 

4 

114 

i6x 

4 

114 

158 

2 

115 

159 

1 

117 

131 

3 

ii5‘ 

160 

+39 

I 

iiy 

1x4 

+  8 

19 

M 

4 

112 

163 

+46 

4 

1X7 

*59 

I 

Ill 

143 

+17 

The  data  are  given  in  chronological  order  and  arc  expressed  as  liters  O2  per  sq.  meter  body  sur^ 
face  per  14  hours. 

‘  These  values  were  obtained  by  taking  the  average  pre-injcction  level. 

*  Determinations  required  about  i  hr. 

2'kg.  rabbit  is  used.  Although  the  fall  in  the  R.Q.  is  a  constantly  associated 
phenomenon,  particularly  in  welhfed  animals,  it  varies  too  widely  (possibly 
owing  to  hyperpnea)  to  be  taken  as  an  accurate  index.  However,  if  an  animal 
shows  no  increase  in  oxygen  consumption  with  a  significant  fall  in  the  R.Q., 
the  extract  should  be  tested  on  another,  more  sensitive  animal. 

Since  the  specific  metabolic  principle  does  not  act  through  the  adrenal 
medulla,  thyroid,  or  pituitary,  and  the  adrenal  cortex  or  cortical  hormone  is 
only  necessary  in  amount  sufficient  to  keep  the  organism  in  good  condition, 
it  is  probable  that  the  effect  is  exerted  directly  on  the  peripheral  tissues. 
How  far  the  liver  is  concerned  remains  for  future  investigation.  However, 
such  increases  in  the  general  level  of  oxygen  consumption  could  hardly  be 
due  to  an  increase  in  the  metabolism  of  one  single  organ. 

SUMMARY 

The  effect  of  the  specific  metabolic  principle  on  the  oxygen  consumption 
of  guinea  pigs  and  rats  is  reported.  The  previously  reported  observations 
on  rabbits  are  confirmed.  Evidence  is  presented  that  the  effect  is  not  mediated 
through  the  pituitary,  thyroid  or  adrenals.  The  rise  in  the  oxygen  consump¬ 
tion  is  associated  with  a  fall  in  the  R.Q.  (guinea  pigs).  Precautions  to  be 
taken  in  the  assay  of  the  specific  metabolic  principle  by  measurement  of 
oxygen  consumption  are  pointed  out.  A  rabbit  unit  is  suggested. 
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CHANGES  IN  THE  GENITAL  TRACTS  OF  GUINEA 
PIGS  ASSOCIATED  WITH  CYSTIC  AND 
‘INTERSTITIAL  GLAND’  OVARIES 
OF  LONG  DURATION^ 

IDA  GENTHER  SCHMIDT 
From  the  Department  of  Anatomy,  College  of  Medicine, 

University  of  Cincinnati 

CINCINNATI,  OHIO 

Following  irradiation  of  the  ovaries  of  young  sexually'inature  guinea  pigs 
with  a  minimum  sterilization  dose  of  x-rays  (i,  2),  the  normal  ovarian 
stroma  was  replaced  by  ‘interstititial  gland’ — large  glandular  cells  resem¬ 
bling  newly  formed  luteal  cells  and  apparently  formed  in  a  similar  manner. 
Unlike  luteal  cells,  these  glandular  cells  remained  in  their  original  healthy 
condition,  without  degenerating,  for  long  periods  of  time.  The  only  follicles 
present  were  a  few  primordial  ones;  at  irregular  intervals,  one  (usually)  of 
these  began  to  grow,  but  degenerated  before  reaching  maturity  by  forming 
more  interstitial  gland.  Ovulation  did  not  occur  and  no  corpora  lutea  were 
formed.  Estrous  cycles  occurred  irregularly;  the  estrous  openings  were 
greatly  prolonged,  and  characterized  by  excessive  desquamation  of  comified 
cells  or  of  all  the  types  of  epithehal  cells  found  during  a  normal  estrous 
opening.^  For  a  time,  uterine  changes  were  normal  in  character  but  pro¬ 
longed  and  corresponded  to  the  condition  of  the  vaginae;  mammary  gland 
proliferation  accompanied  these  changes. 

Such  animals  excreted  theelin  in  the  urine  during  these  estrous  openings; 
usually  the  amounts  were  less  than  those  found  during  estrous  openings  of 
normal  controls  (3).  This  supported  the  theory  that  small  amounts  of  theelin 
were  secreted  continuously,  presumably  by  the  interstitial  gland  tissue  of 
the  ovaries;  and  this  continuous  secretion  served  to  maintain  the  sex  organs  in 
a  prolonged  proestrous  or  estrous  condition.  Furthermore,  implants  of  the 
hypophyses  of  such  animals  into  immature  female  guinea  pigs  were  as  active 
and  in  some  cases  more  active,  than  the  most  active  normal  (proestrous) 
implants  (4). 

Most  of  the  animals  were  killed  at  intervals  up  to  a  year  following  ir¬ 
radiation.  The  changes  as  outhned  persisted.  In  addition,  small  cysts  ap¬ 
peared  in  the  ovaries,  and  some  endometrial  cysts  in  the  uterine  horns.  In 
contrast  to  the  marked  changes  which  began  to  appear  soon  after  this,  it  is 

*  Reported  in  part  at  the  April,  igjS,  meeting  of  the  American  Association  of  Anatomists,  Pitts¬ 
burgh,  Pa.  Abstract  in  Aruit.  Rec.  70,  Supp.  No.  j,  69, 1938. 

*  The  average  length  of  the  normal  estrous  cycle  in  the  guinea  pig  is  16  days.  The  vaginal  orifice  is 
covered  by  a  thin  membrane  except  during  the  estrous  period  of  a  to  4  days.  The  types  of  cells  found, 
successively,  in  the  vaginal  smears,  during  the  estrous  openings  are:  small  irregular  nucleated  epithelial 
cells,  mucous  in  nature;  comified  cells;  small,  round  nucleated  cells;  leucocytes  igesting  the  latter  (5). 

69 


70 


IDA  GENTHER  SCHMIDT 


Volume  24 


important  to  note  that  all  other  structures  were  essentially  normal.  The 
cystically  dilated  glands  contained  secretion  but  no  pus;  they  lay  near  the 
lumen  of  the  uterus  and  within  the  hmits  of  the  normal  tunica  propria. 
Sometimes  the  uteri,  cervices  and  vaginae  exhibited  a  temporary  enlarge' 
ment  due  to  the  excessive  proliferative  processes  but  no  abnormal  structures 
were  present  except  the  endometrial  cysts.  Mammary  gland  proliferation 
resembled  that  of  pregnancy. 

When  a  single  hypophysis  of  such  animals  was  implanted  into  an  im' 
mature  female  guinea  pig,  its  effect  was  comparable  to  that  of  a  normal 
proestrous  implant  as  was  the  case  with  the  hypophyses  of  the  majority  of 
irradiated  animals  (4). 

A  few  animals  of  the  series  used  to  study  the  effects  of  the  glandular 
tissue  in  the  ovaries  on  subsequent  pregnancies  (2)  were  kept  for  periods  up 
to  two  years  to  see  what  would  happen  to  the  glandular  tissue.  In  these 
drastic  changes  occurred  in  the  genital  tracts,  similar  to  or  exceeding  changes 
described  by  other  workers  following  long  continued  injection  of  estrogenic 
substances  into  experimental  animals,  and  similar  to  some  of  the  uterine  con' 
ditions  in  human  females  associated  with  prolonged  action  of  an  excessive 
amount  of  estrogenic  principle  derived  from  follicular  cysts  in  the  ovaries. 

In  general,  in  the  animals  described,  multiple  ovarian  cysts  were  present, 
one  of  which  was  usually  huge;  most  or  all  of  the  remaining  ovarian  tissue 
was  still  glandular.  Cystic  glandular  hyperplasia  and  metaplasia,  adenom' 
atous  growths,  pyometria,  great  increase  in  the  amount  of  muscle  or  fibrous 
tissue  or  both  and,  in  one  instance,  formation  of  a  fibroma  were  observed 
in  the  uteri.  The  uterine  cervix  also  exhibited  cystic  glandular  hyperplasia 
and  metaplasia,  and  in  one  instance  a  macroscopic  myoma.  The  vaginal 
epithelium  and  connective  tissue  showed  changes  in  the  more  severely 
affected  animals.  Urinary  theelin  was  not  studied  in  these  animals  until  the 
later  periods  of  their  existence.  A  positive  extract  was  never  obtained,  in' 
dicating  that  the  amount  excreted,  if  any,  was  too  small  for  detection.  Con' 
versely,  their  hypophyseal  implants,  with  one  exception,  were  far  more 
active  than  those  from  the  majority  of  animals  with  a  shorter  survival  time. 

The  estrous  histories  of  these  animals  are  recorded  in  table  i.  All  animals 
with  interstitial'gland  ovaries  were  sterile  once  the  gland  was  fully  de' 
veloped,  though  in  one  instance  (205)  a  pregnancy  did  result  from  an  ap' 
parently  normal  estrus  interposed  among  a  series  of  abnormal  ones;  these 
ovaries  were  less  abnormal  than  the  majority. 

The  following  four  animals  survived  for  longer  than  a  year  and  are  de' 
scribed  in  the  order  of  their  longevity. 

Guinea  pig  214 

This  animal  was  killed  393  days  (about  13  months)  after  irradiation.  Shortly  before  the 
death  of  this  animal,  a  large  lump  on  the  lower  right  side  was  palpated.  When  the  abdominal 
cavity  was  opened  for  exploratory  purposes,  a  huge  cystic  mass,  measuring  approximately 
6  X4  X3.5  cm.,  was  found  attached  to  the  end  of  the  right  uterine  horn  as  though  formed 
by  the  expansion  of  the  oviduct  (fig.  2).  It  was  so  adherent  to  the  kidney,  mesentery  and 
bexly  wall  that  surgical  removal  was  impossible,  therefore  the  animal  was  killed.  The  cyst 
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was  filled  with  a  cheesy  material.  Both  uterine  horns  were  greatly  enlarged,  and  of  a  dense, 
firm  consistency.  No  ovary  could  be  found  on  the  right  side;  several  possible  pieces  seen  on 
the  cyst  wall  were  removed  but  on  sectioning  showed  no  ovarian  tissue.  The  left  ovary  was 
small.  Mammary  tissue  was  present. 

Left  ovary.  The  ovarian  tissue  was  limited  to  a  small  area  on  one  side  of  the  ovary.  In- 
terstitial  gland  was  present  on  the  periphery  and  in  patches  throughout  the  rest  of  the  more 


Table  i.  Estrous  cycles  following  irradiation  of  the  ovaries 


! 


Ani¬ 

mal 

No. 

Lenph 

cycles 

Lenph 

estrous 

open¬ 

ings 

Remarks 

Ani¬ 

mal 

No. 

Lenph 

cycles 

Len^h 

estrous 

open¬ 

ings 

days 

days 

days 

days 

214 

26 

5 

Mated,  no  pregnancy. 

203 

25 

12 

39 

18 

Mated  on  12th  day  open. 

pregnant,  i  normal 

16 

offspring  bom  71  days 

17 

later. 

28 

15 

21 

42 

14 

54 

Mated  several  times. 

11 

57 

39 

124 

46 

12 

19 

15 

30 

With  males.  No  further 

64 

wide  opening.  Killed 

54 

70 

54  days  after  closure. 

101 

18 

393  after  irradiation. 

28 

III  1 

153 

t3"rj 

005 

15 

4 

Abortion  from  previous 

pregnancy. 

13 

10 

With  male. 

22 

4 

With  male. 

15 

4 

With  male. 

153 

22 

2 

15 

3 

With  male. 

16 

24 

15 

3 

With  male. 

64 

36 

16 

5 

With  male. 

14 

26 

Mated  3  times. 

38 

4 

With  male. 

45 

275 

15 

17 

With  male.  Laparot- 

omy  to  see  if  preg- 

nant. 

56 

44 

With  male. 

63 

14 

Mated  on  2nd-6th  day 

open,  no  pregnancy. 

34 

5 

Mated.  Pregnancy.  One 

35 

322+ 

male  bom  in  70  days. 

after 

54 

37 

closure 

41 

41 

5a 

84 

106 

33+ 

Negative  for  urinary 

theelin  on  ii-i4th 

days.  Killed  685  days 

after  irradiation. 

Remarks 


Abortion  from  previous 
pregnancy. 

With  male. 

With  male. 


Mated  on  11st  day  open. 

With  male. 

With  male. 

With  male. 

Mated  on  and  day  open. 

Negative  for  urinary 
theelin  at  various 
times.  Killed  170  days 
after  irradiation. 


With  male. 

With  male.  Mated  on 
loth  fir*  a8th  days 
open. 

With  male  from  time  to 
time,  whenever  vagi¬ 
nal  opening  was 
wider.  Size  of  opening 
fluctuated.  Smear  was 
slightly  bloody  on  two 
occasions. 

Remained  more  or  less 
open  all  the  time. 
Negative  for  urinary 
theelin  at  various 
times.  Killed  760  days 
after  irradiation. 


normal  stroma.  Some  primordial  follicles  were  present,  some  degenerating  small  growing 
ones  whose  granulosa  cells  were  forming  interstitial  gland,  and  one  medium-sized  normal 
follicle,  but  no  luteal  tissue.  A  good-sized  cyst  occupied  most  of  the  substance  of  the  ovary, 
surrounded  by  a  narrow  rim  of  ovarian  tissue  in  which  were  small  cysts. 

Uterus  (fig.  4).  The  lining  epithelium  was  made  up  of  tall  columnar  cells  with  few  mitotic 
figures.  Groups  of  glands  of  normal  size  were  present,  their  grouping  suggesting  branching, 
and  there  were  many  small  cystically  dilated  glands  containing  secretion;  the  normal  orderly 
arrangement  was  missing.  Normal  tunica  propria  was  present,  but  around  the  basal  portions 
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of  the  glands  parts  of  it  were  replaced  by  thick  fibrous  connective  masses  and  smooth 
muscle. 

Cervix.  It  was  enlarged  grossly  (a  great  deal  of  mucus'secreting  epithelium)  but  not  ab¬ 
normal  in  character. 

Vagina.  The  epithelium  was  thick,  but  not  abnormally  so.  However,  some  branching 
downgrowths  were  in  evidence  (normally  the  epithelium  is  wavy  but  not  papillated). 

Mammary  gland.  There  was  abundant  tissue  in  the  form  of  acini  and  prominent  ducts, 
with  secretion  of  some  sort  in  both.  Mitotic  figures  were  not  numerous. 

The  cyst.  Its  contents  were  pus  cells  and  indistinguishable  tissue  debris.  The  nature 
of  the  lining  epithelium  was  obliterated  because  of  sloughing  on  the  surface  and  heavy  in¬ 
filtration  of  the  underlying  tissue  by  leucocytes  in  some  places,  macrophages  and  lympho¬ 
cytes  in  other  places.  Beneath  this  were  more  or  less  circular  bands  of  heavy  fibrous  connec¬ 
tive  tissue  containing  varying  amounts  of  smooth  muscle  and  areas  of  lymphoid  infiltration. 
The  wall  was  fused  in  different  regions  with  the  uterine  musculature,  with  the  body  wall 
so  that  skeletal  muscle  fibers  invaded  the  cyst  wall,  with  the  kidney  capsule,  and  with  the 
pancreas.  Between  the  areas  of  fusion,  the  cyst  wall  was  covered  with  mesothelium. 

In  sections  of  the  wall  adhering  to  the  uterus  the  mass  of  cells  on  the  free  surface  looked 
like  interstitial  gland  cells;  also  a  few  patches  in  the  wall  proper  resembled  them. 

In  one  other  section  of  the  wall  covered  by  mesothelium  were  large  areas  of  cells  that 
were  undoubtedly  interstitial  gland  cells,  although  degenerating  by  fat  accumulation  and 
invasion  of  leucocytes.  Some  scattered  elongated  cells  were  probably  ovarian  stroma  cells. 

The  cyst  seemed  to  involve  ovarian  tissue  and  oviduct.  No  oviduct  was  seen  except  one 
or  two  small  cross  sections  within  the  cyst  wall,  near  its  adhesion  to  the  uterus. 

Summary.  One  ovary  was  characteristically  glandular  and  cystic;  the  second  ovary 
probably  acquired  so  large  a  cyst  that  it  expanded  at  the  expense  of  the  oviduct;  the  opening 
into  the  uterus  was  occluded,  causing  an  accumulation  of  debris  in  the  cyst.  Some  changes 
occurred  in  the  endometrial  glands;  increase  in  number,  the  formation  of  small  endometrial 
cysts,  loss  of  their  orderly  arrangement,  and  some  increase  in  muscle  and  connective  tissue. 
Downgrowths  from  the  vaginal  epithelium  were  beginning. 

Guinea  pig  205 

This  animal  was  killed  685  days  (about  23  months)  after  irradiation. 

Ovary.  It  was  entirely  filled  with  glandular  tissue  with  new  masses  still  forming,  there 
were  a  few  primordial  follicles  and  several  small  cysts  (fig.  5).  The  second  ovary  was  lost, 
but  it  had  been  similar  on  macroscopic  appearance. 

Uterus  (fig.  6).  Changes  were  more  advanced  than  in  214.  The  lining  epithelium  was 
mostly  made  up  of  tall  columnar  cells  but  there  were  also  stratified  columnar  cells  in  places, 
or  mucus-secreting  cells  as  are  found  normally  in  the  fundus-cervix  transition  zone.  All 
glands  were  greatly  enlarged,  tortuous  or  cystically  dilated;  the  epithelium  was  tall,  or 
mucous-secreting  as  in  cervical  glands;  some  lumina  were  full  of  secretion  or  leucocytes  or 
both,  or  macrophages  ingesting  the  leucocytes.  Mitotic  figures  were  abundant  in  the  glands 
and  the  lining  epithelium.  The  tunica  propria  was  a  narrow  irregular  zone,  with  large  fibro¬ 
blasts  and  some  mitotic  figures.  Muscle  and  an  increased  amount  of  fibrous  tissue  extended 
down  between  glands. 

Cervix.  At  the  fundus-cervix  transition  there  was  an  intermingling  of  large  cysts  lined 
with  either  cervical  or  uterine  epithelium,  and  stratified  squamous  areas  such  as  are  normally 
found  only  in  the  vagina.  This  was  followed  by  a  region  of  typical  cervix  tissue  with  slough¬ 
ing  of  the  mucous  cells  and  invasion  of  leucocytes. 

Vagina.  The  epithelium  was  thick,  the  slightly  comified  or  flattened  surface  cells  were 
sloughing  off.  The  basal  cells  seemed  hypertrophied  with  unusually  prominent  intercellular 
bridges  and  showed  few  mitotic  figures.  Leocucytes  were  coming  in.  Short  epithelial  down- 
growths  were  surrounded  by  fibrous  connective  tissue. 

Mammary  gland.  It  was  like  that  of  advanced  pregnancy  with  lobules,  closely  packed 
acini  containing  secretion,  many  mitoses  in  the  epithelium,  and  well-formed  ducts.  Numerous 
plasma  cells  and  lymphocytes  were  in  the  connective  tissue. 


Fig.  I.  Normal  control  uterus,  cervix  and  vagina  at  its  maximum  size  during  estrus.  Right  uterine 
horn  removed.  Fig.  a.  Animal  214.  Gross  view  of  uterine  horns,  cyst,  cervix  and  upper  vagina. 
X  On  right  side  of  cyst  is  a  portion  of  adhering  body  wall.  Fig.  3.  Normal  control  uterus  during  estrus. 
Note  uniform  size  of  glands,  regularity  of  arrangement  with  respect  to  lumen,  extent  of  tunica  propria 
and  conhnement  of  glands  of  this  region.  Approx.  X 15.  Fig.  4.  No.  214,  uterus.  Note  groups  of  glands  of 
normal  size,  small  cystic  glands,  loss  of  regular  arrangement,  normal  tunica  propria.  Approx.  X15. 
Fig.  5.  Guinea  pig  Z05.  Cystic  and  glandular  ovary.  Approx.  X  to.  Fig.  6.  No.  205,  uterus.  Note  cystically 
dilated  glands  some  containing  leucocytes,  less  regular  arrangement,  muscle  extending  between  glands. 
Approx.  X 15.  Fig.  7.  Guinea  pig  203.  Gross  view  of  cystic  ovary  and  small  ovary  filled  with  interstitial 
gland  (ovaries  of  normal  controls  but  slightly  larger  than  the  latter).  X  K-  Fig-  8.  No.  203.  Ovary  filled 
with  interstitial  gland,  has  small  cysts.  Approx.  Xio.  Fig.  9.  No.  203,  uterus.  Note  larger  cysts  and 
more  indefinite  arrangement,  tunica  propria  almost  absent,  heavy  fibrous  bands  between  glands.  Approx. 

X15. 

Summary.  The  ovaries  were  filled  with  small  macroscopic  cysts  and  glandular  tissue, 
The  uterine  changes  were  more  advanced  than  in  214;  all  the  glands  were  enlarged  or  cystic, 
there  was  some  metaplasia  of  the  glandular  and  lining  epithelium  to  mucous  epithelium, 
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Fig.  10.  No.  203,  fibroma.  Fibrous  strands  being  laid  down  among  young  vascular  connective  tissue. 
Xiio.  Fig.  II.  No.  203,  bands  of  fibrous  tissue  replacing  portions  of  the  musculature.  Xiio.  Fig.  12. 
No.  203,  uterus,  showing  younger  fibroma  at  left  center,  older  fibroma  at  lower  left,  and  strands  of 
fibrous  tissue  throughout  rest  of  the  wall.  Approx.  X15.  Fig.  ij.  Guinea  pig  153.  Gross  view  of  mass 
involving  left  ovary,  oviduct,  uterine  horn,  cervix  and  other  structures.  Right  uterine  horn  removed. 
Note  mass  on  right  side  (in  photograph)  of  cervix — this  is  a  myoma.  X)^.  Fig.  14.  No.  153.  Cystic 
ovary  attached  to  broad  ligament.  Note  narrow  rim  of  glandular  tissue.  Approx.  Xio.  Fig.  15.  No.  J53, 
right  uterine  horn.  Note  small  poorly  defined  lumen,  absence  of  cellular  tunica  propria,  irregularity  of 
glands,  extent  of  glands  into  outermost  muscle  coats,  mass  of  proliferating  c.t.  around  the  muscle. 
Approx.  X7.  Fig.  16.  No.  1 53,  right  uterine  horn,  showing  adenon;atous  growths  into  the  lumen.  X 100. 
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Fig.  19.  No.  153.  Left  uterine  mass,  section  5.  Muscular  uterus  with  tortuous  glands;  proliferating 
mesentery  on  right;  colon  and  ureters  below.  Note  mesothelial-lined  tubules  between  mesentery  and 
uterus.  Approx. X  J.  Fig.  20.  No.  153.  Left  uterine  mass,  section  6.  Uterine  cervix.  Shows  cysts,  squamous 
nests,  myoma  on  the  right.  Approx.  X  j.  Fig.  11.  No.  153.  Through  the  edge  of  the  myoma  shown  in 
fig.  10.  Xiio.  Fig.  22.  No.  153.  Cervical  plug  extending  into  vagina.  Shows  large  cornified  cell  nests, 
stratified  mucous  cell  nests  with  leucocytes  in  some.  C)n  lower  right,  loose  connective  tissue  where 
macrophages  are  forming.  Approx.  X3.  Fig.  2j.  No.  153.  Vagina,  showing  anastomosing  epithelial 
downgrowths  and  nests  of  squamous  cells.  Approx.  X  j. 


slight  pyotnctria  and  some  increase  in  muscle  and  fibrous  tissue.  These  changes  extended 
into  the  cervix  where  in  addition  cornified  pearls  appeared.  Vaginal  epithelial  downgrowths 
were  beginning. 

Guinea  pig  203 

The  animal  was  killed  710  days  (almost  2  years)  after  irradiation. 

Ovaries  (fig.  7).  One  ovary  was  small  (fig.  8),  a  solid  mass  of  glandular  tissue,  most  of 


Fig.  17.  No.  153,  Tubules  with  glandular  cells  arising  from  the  connective  tissue,  a)  Enlarged  fibroblasts; 
clumps  of  cells  at  lower  right,  small  tubules  at  upper  left,  b)  Larger  tubules,  some  leucocytic  invasion. 
Xiio.  Fig.  18.  No.  133.  I^ft  uterine  mass,  section  3.  Left  to  right  in  photograph;  pancreas;  four  small 
.sections  of  oviduct  filled  with  leucocytes;  larger  (upper)  section  of  oviduct  continuous  with  half-moon 
cyst;  large  ovarian  cyst  (above  half-moon);  fibrous  c.t.  with  oviduct  sections  above,  muscle  and  mesentery 
below;  uterine  cyst  with  plug  of  uterine  tissue  projecting  into  it;  muscular  uterus  with  irregular  glands; 
uterine  cyst  on  lower  right.  Approx.  X  3. 
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the  cells  containing  small  fat  vacuoles  resembling  fascicular  cells  of  the  adrenals;  also  present 
were  scattered  single  cells  filled  with  bright  yellow-green  pigment,  not  seen  in  any  glandular 
ovaries  except  here  and  in  153.  A  few  small  cysts  were  present,  but  no  follicles  or  corpora 
lutea. 

The  second  ovary  was  essentially  a  huge  cyst  surrounded  by  smaller  cysts,  these  in  turn 
by  a  narrow  wall  consisting  of  a  mixture  of  smooth  muscle,  connective  tissue  and  glandular 
tissue,  and  containing  a  section  of  oviduct.  Similar  tissue  was  present  between  the  cysts. 

Uterus  (fig.  9).  Most  of  the  epithelium  was  made  up  of  low  columnar  cells  with  numer¬ 
ous  mitoses,  some  was  of  tall  mucus-secreting  cells  as  in  the  cervix.  All  the  glands  were 
greatly  dilated,  so  much  in  places  that  they  extended  well  into  the  muscle  layers.  Lumina 
of  the  cysts  contained  only  secretion,  no  leucocytes.  Very  little  normal  tunica  propria  re¬ 
mained;  it  was  replaced  by  heavy  bands  of  fibrous  tissue  running  irregularly  between  the 
glands  and  extending  in  places  to  the  uterine  lumen.  Areas  of  fibrous  tissue  also  replaced  the 
muscularis. 

In  addition,  at  the  oviduct  end  of  one  uterine  horn  a  peculiar  fibroma  was  forming,  in¬ 
volving  almost  the  entire  width  of  the  wall  in  one  region.  In  half  of  the  mass,  irregular  thick 
strands  of  fibrous  tissue  were  being  laid  down,  with  loose  connective  tissue  between  - 
resembling  hepatic  cords  and  sinusoids  (fig.  10);  this  merged  into  a  more  dense  older  mass 
of  fibrous  tissue.  Smaller  areas  of  fibrous  tissue  were  also  scattered  throughout  the  wall  with 
muscle  interwoven  in  some  (fig.  ii),  so  that  the  entire  lumen  (in  cross-section)  was  more  or 
less  surrounded  by  a  fibrous  band  of  varying  width  (fig.  12).  The  peripheral  connective  tissue 
adjacent  to  the  fibroma  was  vascular  and  loose. 

Cervix.  At  the  transition  region  there  were  huge  glandular  cysts  lined  with  uterine 
epithelium,  followed  by  a  region  of  typical  cervix  making  the  transition  to  the  vagina. 

VagJTUi.  Basal  epithelial  cells  were  somewhat  hypertrophied  and  papillae  extended  down¬ 
ward  as  in  205,  surrounded  by  heavy  fibrous  tunica  propria.  Activity  was  like  that  toward 
the  end  of  estrus. 

Mammary  gland.  Abundant  and  similar  to  that  in  205. 

HyffOphysis.  The  implant  gave  the  most  intense  response  of  any  of  the  donors;  matura¬ 
tion  and  luteinization  of  8  follicles  in  the  recipient  (4). 

Adrenals.  No  changes  were  seen  in  any  of  the  irradiated  adrenals  except  in  this  pair  and 
those  of  153.  These  were  large,  those  of  153  small,  but  alike  in  that  the  lipoid-containing 
zone  of  the  cortex  was  irregular  in  extent,  in  size  of  cells  and  size  of  lipoid  droplets.  Here  and 
there  were  groups  of  greatly  hypertrophied  cells,  filled  with  large  droplets.  Other  groups 
contained  droplets  of  varying  sizes.  The  inner  fascicular  zone  with  the  more  granular  cells 
was  in  general  wide,  but  also  variable  in  extent,  almost  reaching  the  glomerular  zone  in 
places.  There  was  no  sharp  distinction  between  this  zone  and  the  reticular  zone,  except 
that  the  cells  of  the  latter  were  packed  with  yellow-green  or  brown-green  pigment,  giving  a 
most  unusual  appearance  to  this  area.  ‘Dark’  cells  were  absent. 

Summary.  Uterine  glands  were  as  cystic  or  more  so  than  in  other  animals.  In  addition 
much  more  fibrous  tissue  was  present  replacing  much  of  the  tunica  propria  and  portions  of 
the  muscularis.  A  definite  fibroma  was  forming  within  one  portion  of  the  uterine  wall.  The 
vaginal  epithelium  had  downgrowths  surrounded  by  heavy  fibrous  tissue. 

Guinea  pig  153 

This  animal  was  killed  760  days  (about  25  months)  after  irradiation.  This  animal  es¬ 
tablished  a  record  by  remaining  open  more  or  less  continuously  for  about  20  months.  The 
size  of  the  vaginal  opening  fluctuated  but  never  closed  over  completely  except  for  one  35- 
day  interval.  On  two  occasions,  blood  was  observed  in  the  vaginal  smear.  The  animal  had 
been  in  good  health,  though  not  much  weight  was  gained — a  characteristic  of  animals  with 
long  estrous  openings.  A  sudden  loss  of  appetite  and  weight  necessitated  killing  it  before 
completion  of  the  theelin  study.  On  the  right  side  a  small  ovary  and  a  thickened,  tough 
uterine  horn  were  found.  On  the  left  side  was  a  mass  of  tissue  that  had  grown  around  and 
into  the  uterus  and  cervix,  had  adhered  to  various  organs  and  was  beginning  to  adhere  to 
the  body  wall.  No  ovary  or  oviduct  was  seen  (fig.  13). 
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Right  ovary  (fig.  14).  A  small  cyst  occupied  most  of  the  structure;  all  surrounding  tis' 
sue  was  glandular,  disposed  in  masses  of  various  ages  but  none  recent.  Some  of  the  gland 
masses  had  some  greatly  hypertrophied  cells  with  huge  nuclei — significance  not  clear.  A 
few  mitotic  figures  were  among  the  gland  cells.  Scattered  cells  with  bright  yellow'green 
pigment  were  seen,  like  those  in  203.  Only  primary  or  small  follicles  were  present,  all  de' 
generating,  many  with  mucus'like  secretion  in  their  lumina  and  some  forming  cysts;  many 
small  rete  tubules  were  seen  at  one  end.  Ovary  was  attached  to  a  thick  mass  of  smooth 
muscle  derived  from  the  broad  ligament.  Fimbriated  oviduct  was  present;  many  monocytes 
and  leucocytes  were  seen  in  the  mesentery  and  blood  vessels  around  it. 

Right  uterine  horn  (fig.  15,  16).  This  was  three  times  as  large  as  a  normal  estrous  uterus. 
The  small  remaining  central  lumen  was  practically  obliterated  by  an  adenomatous  growth 
of  small  dilated  glands  so  close  together  that  there  was  scarcely  any  connective  tissue  be' 
tween  them.  There  was  no  normal  tunica  propria;  the  entire  wall  was  smooth  muscle  or 
fibrous  tissue  right  down  to  the  lumen.  Everywhere  throughout  the  muscle  were  glands  of 
all  sizes,  with  high  columnar  epithelium  and  many  mitoses,  some  so  dilated  that  they  were 
visible  macroscopically;  many  were  distended  with  leucocytes,  some  with  macrophages  or 
both;  the  largest  ones  were  lined  with  flattened  epithelium.  Glands  lay  even  in  the  most 
peripheral  muscle  or  fibrous  layers,  sometimes  right  under  the  mesothelium. 

The  peripheral  connective  tissue  presented  great  activity,  of  the  same  general  pattern 
throughout  the  length  of  the  horn  but  varying  in  details  from  place  to  place.  Areas  of  dense 
fibrous  tissue  were  present,  some  almost  tendinous  in  character,  sometimes  forming  project' 
ing  masses  from  the  surface;  proliferation  of  connective  tissue  was  taking  place  in  looser 
areas;  smooth  muscle  was  being  formed,  and  groups  of  fat  cells  such  as  seen  in  figure  14. 
In  general,  this  peripheral  connective  tissue  was  heavily  vascularized;  small  hemorrhages 
were  prevalent,  and  some  larger  ones  were  seen.  Infiltrations  of  leucocytes  were  seen. 

In  addition,  glands  seemed  to  be  forming  directly  from  the  connective  tissue.  The  se- 
quence  of  events  was  readily  followed  (fig.  17).  First  fibroblasts  rounded  up  to  form  solid 
clumps  of  glandular'like  cells.  A  cavity  appeared  and  more  fibroblasts  rounded  up  to  line 
its  wall;  often  the  ragged  connective  fibers  projected  into  the  lumen.  The  cells  assumed  a 
columnar  shape  as  the  lumen  became  regular.  Sometimes  infiltration  of  leucocytes  occurred 
before  the  formation  was  complete. 

Elongated  tubules  lined  with  similar  glandular  cells  seemed  to  be  derived  from  the 
peritoneal  cavity;  some  were  still  continuous  with  the  cavity.  Some  of  these  lining  cells 
as  well  as  those  above,  seemed  to  be  sloughing  off  as  though  forming  macrophages.  Macro- 
phages  were  also  seen  forming  in  the  loose  connective  tissue.  The  serosal  mesothelial  cells 
too  appeared  active,  for  some  were  enlarged  and  glandular  in  appearance,  some  were  tall 
columnar,  some  seemed  about  to  bud  off.  A  portion  of  this  free  horn  was  adherent  to  a 
ureter  and  to  the  colon. 

Left  uterine  mass.  Six  cross  sections  were  made  through  the  mass  at  various  levels,  be' 
ginning  near  the  oviduct  end.  Sections  i  through  4  were  essentially  alike  with  gradations  in 
the  amounts  of  tissues  present.  Section  i  showed  in  order:  a  huge  ovarian  cyst;  a  second  cyst 
half'moon  in  shape,  partially  ovarian;  fused  mesentery  and  broad  ligament  containing  a 
section  of  oviduct;  uterus  similar  in  structure  to  that  of  the  free  horn.  Section  2  was  similar 
but  with  more  uterine  tissue,  a  huge  uterine  cyst  with  metaplastic  structures  as  in  section  3, 
cavities  lined  by  mesothelium,  a  large  mass  of  lymphoid  tissue. 

.  Section  3  (fig.  18,  description  proceeds  from  left  to  right).  The  pancreas  was  adherent  to 
a  mass  of  fibrous  tissue  and  smooth  muscle,  representing  a  fusion  of  mesentery  and  oviduct 
wall;  this  enclosed  6  sections  of  oviduct,  3  so  filled  with  leucocytes  and  debris  that  the 
lumina  were  round;  the  oviduct  epithelium  was  apparent  in  all. 

The  large  round  cyst  was  lined  by  cuboidal  epithelium  surrounded  by  a  narrow  rim  of 
regressing  ovarian  glandular  tissue.  The  adjacent  edge  of  the  half-moon  cyst  was  lined  by 
similar  cuboidal  epithelium;  its  opposite  wall  had  no  epithelium  but  a  thick  wall  of  proliferat' 
ing  fibroblasts  with  masses  of  leucocytes  destroying  the  portion  along  the  lumen.  The  lumen 
was  filled  with  leucocytes,  masses  of  fibrin'like  strands  and  a  granular  precipitate.  This  cyst 
opened  into  the  largest  section  of  oviduct,  which  was  also  dilated  and  contained  leucocytes. 
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Beyond  the  cyst  was  a  dense  mixture  of  muscle  and  fibrous  tissue  with  areas  of  pro' 
liferating  connective  tissue,  areas  of  fat  cells,  two  sections  of  oviduct  and  a  cyst  of  uterine 
origin.  This  cyst  was  lined  with  low  epithelium  and  an  occasional  patch  of  stratified  squa¬ 
mous  tissue.  Into  the  cyst  projected  a  plug  of  compact  cellular  connective  tissue  containing 
typical  nests  of  squamous  cells  and  glands  of  both  uterine  and  cervical  types  and  inter¬ 
mediate  forms,  some  filled  with  leucocytes;  the  surface  of  the  plug  was  covered  with  a 
similar  mixture  of  three  types  of  epithelium  and  also  non-comified  stratified  squamous  tissue. 
All  types  were  sloughing  into  the  lumen  of  the  cyst;  leucocytes  were  also  present. 

This  plug  was  attached  to  the  main  mass  of  uterine  tissue,  which  was  again  solid  smooth 
muscle  with  glands  throughout,  exactly  as  in  the  free  horn,  and  with  large  cysts.  The  uterus 
was  surrounded  by  active  connective  tissue  as  in  the  free  horn.  One  side  was  adherent  to 
the  colon. 

Section  4  was  similar  to  3,  with  less  of  all  the  structures  except  the  uterus,  which  was 
larger.  Section  5  (fig.  19)  was  entirely  of  uterus,  similar  to  the  free  horn  but  still  more  dis¬ 
orderly.  Adenomatous  glandular  growths  were  again  present  in  what  was  probably  the 
original  lumen.  In  the  center  of  the  section  was  a  mass  of  stratified  columnar  mucous  epi¬ 
thelium  such  as  found  in  the  vaginal  cervix. 

Extensive  connective  tissue  growths  surrounded  two  sides  of  the  uterus;  the  colon  and 
two  ureters  were  supported  in  part  of  this.  Large  spaces  lined  with  mesothelium  were  pres¬ 
ent;  some  of  the  cells  were  glandular  in  appearance.  The  surface  mesothelium  was  also 
active  in  places. 

Section  6  (fig.  20,  21)  was  through  the  uterine  cervix.  The  macroscopic  projection  was 
an  almost  solid  mass  of  smooth  muscle,  a  typical  myoma.  Continuations  of  this  muscle 
passed  among  the  various  glands  down  to  the  main  lumen  but  a  narrow  band  of  normal  tunica 
propria  was  present  in  places.  The  lining  epithelium  and  the  glands  were  again  of  all  types — 
typical  mucus-secreting  tissue  as  found  here  normally,  surface  mucous  cells  on  stratified 
basal  cells,  comified  or  non-comified  stratified  squamous  epithelium  with  thick  down- 
growths  or  nests  of  squamous  cells,  and  some  small  cysts. 

Peripheral  to  the  myoma  were  small  mesothelial-lined  spaces  surrounded  by  muscle. 
A  larger  space  separated  the  myoma  from  the  two  muscle  layers  proper  of  the  cervix.  In 
contrast  to  the  condition  in  the  uterus,  there  was  no  increase  here  in  the  amount  of  muscle 
proper — the  two  thin  layers  could  be  seen  distinctly.  The  myoma  and  other  muscle  pene¬ 
trating  between  the  glands  apparently  did  not  originate  from  these  layers. 

Ventrally  were  connective  tissue  and  fat  masses  containing  mesothelial-lined  spaces  of 
various  sizes,  small  isolated  glands  resembling  uterine  glands,  small  cell  clumps  which  give 
rise  to  these  glands,  and  two  sections  of  ureter. 

Cervix  projecting  into  the  vagina  (fig.  22).  The  cervix  as  a  whole  was  so  large  that  it 
projected  for  some  distance  into  the  vagina.  The  structure  was  generally  similar  to  that  in 
section  6  but  squamous  cell  nests  were  larger.  Other  large  distorted  structures  were  lined 
with  mucous  cells  or  stratified  epithelium  and  contained  leucocytes.  The  stroma  was  en¬ 
tirely  cellular  connective  tissue  in  which  fat  cells  were  developing.  In  the  region  near  the 
tip  of  the  plug,  the  fibroblasts  were  enlarging  and  macrophages  were  forming. 

Vagina  (fig.  23).  The  surface  epithelium  was  thin,  but  from  it  extended  an  anastomosing 
network  of  long,  thin  epithelial  downgrowths  with  many  mitotic  figures.  The  entire  tunica 
propria  was  thick  fibrous  tissue,  almost  tendinous  in  character.  The  submucosa  and  muscle 
layers  were  normal  in  extent.  There  was  no  cellular  invasion.  These  epithelial  downgrowths 
extended  throughout  the  length  of  the  vagina. 

Adrenals.  These  were  as  described  under  203.  The  reticular  zone  was  less  wide  here, 
however,  and  in  addition  there  was  considerable  lymphoid  infiltration  at  the  reticular- 
medullary  junction. 

Mammary  gland.  Large  masses  of  tissue  were  present  with  indications  of  lobule  forma¬ 
tion.  Lumina  of  acini  were  large,  contained  some  secretion;  mitoses  were  numerous  in  the 
acini.  Plasma  cells  and  lymphocytes  were  abundant  in  the  connective  tissue. 

Hypophysis.  Contrary  to  the  action  of  the  hypophyses  of  the  3  preceding  animals,  this 
one  was  no  more  active  than  normal  proestrous  implants  except  in  the  amount  of  stimulation 
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produced  in  the  uterine  musculature  (5).  Perhaps  the  implant  did  not  ‘take,’  for  one  would 
expect  a  similar  intensified  response. 

Summary.  The  free  horn  of  the  uterus  was  three  times  as  large  as  a  normal  one  and 
showed  severe  changes — a  wall  of  almost  solid  muscle  throughout  the  entire  length  of  the 
horn  without  any  typical  tunica  propria;  adenomatous  growths  of  glands  into  the  small 
remaining  lumen;  numerous  irregular  glands  and  cysts  throughout  the  wall;  pyometria; 
and  great  activity  of  the  peripheral  connective  tissue  to  form  muscle,  more  connective  tissue, 
macrophages  and  probably  uterine  glands.  There  was  thus  simultaneous  growth  of  both 
muscle  and  glands,  both  peripherally  and  towards  the  lumen. 

The  mass  of  tissue  around  the  left  uterine  horn  involved  a  huge  ovarian  cyst  and  a 
second  cyst  formed  by  oviduct  and  ovary.  The  uterus  was  as  abnormal  in  structure  as  the 
free  horn  but  in  addition  exhibited  extensive  metaplasia  in  the  form  of  mucous  epithelium 
and  glands  as  in  the  cervix,  comified  epithelium  as  in  the  vagina  and  typical  squamous 
‘pearls.’  The  surrounding  connective  tissue  was  active  as  in  the  free  horn.  There  were  ad- 
hesions  to  the  pancreas,  broad  ligament,  mesentery,  ureter  and  colon.  The  cervix  showed 
similar  metaplasia  and  hyperplasia,  and  a  macroscopic  myoma.  The  vagina  showed  squamous 
‘pearls’  and  anastomosing  epithelial  downgrowths  resembling  squamous  cell  carcinomas. 

DISCUSSION 

Following  irradiation  of  the  ovaries,  a  definite  sequence  of  events  OC' 
curred,  culminating  in  the  severe  changes  described.  First,  follicular  and 
theca  cells  in  follicles  of  all  sizes  were  transformed  into  interstitial  gland  cells 
at  varying  times  after  irradiation,  accompanied  by  irregular  estrous  cycles 
with  long  estrous  openings,  and  proliferation  of  mammary  tissue.  Later, 
small  ovarian  cysts  formed  in  addition  to  the  interstitial  gland  tissue;  no 
abnormal  changes  were  seen  in  the  uteri  and  vaginae.  As  ovarian  cysts  grew 
larger,  endometrial  cysts  developed,  later  the  uterine  smooth  muscle  in- 
creased  in  amount.  Still  later,  extensive  glandular  hyperplasia  and  metaplasia 
were  seen;  fibrous  tissue  or  muscle  replaced  the  tunica  propria  or  formed 
fibrous  or  myomatous  masses.  The  increased  size  of  the  organs  resulted  in 
adhesions  and  subsequent  pathologic  changes.  Accompanying  these  uterine 
changes  were  downgrowths  of  the  vaginal  epithelium  resembling  squamous 
cell  carcinomas  when  severe,  and  increased  fibrous  tissue  in  the  tunica 
propria.  Mammary  gland  proliferation  was  maintained  throughout. 

There  was  no  abnormal  character  to  the  growth  of  the  mammary  gland. 
It  merely  attained  a  condition  similar  to  that  of  advanced  pregnancy. 

Endometrial  or  cervical  changes  of  the  same  general  nature  and  some 
almost  identical  ones  have  been  produced  experimentally  (but  not  all  changes 
in  every  instance)  with  the  use  of  estrogenic  hormones  over  a  long  period 
of  time — in  the  uteri  and  cervices  of  normal  adult  mice  after  estrin  (6),  in  the 
cervices  of  mice  after  1:2: 5:6  dibenzanthracene  and  theelin  (7),  in  the 
uteri  and  cervices  of  spayed  guinea  pigs  after  estrone  (8),  in  the  uteri  of 
spayed  rabbits  after  folliculin  following  tarring  of  the  ears  (9),  in  the  cervices 
of  spayed  monkeys  after  estrin  alone  (10)  and  after  theelin  and  amniotin  plus 
trauma  (ii,  12).  Recently  a  true  squamous-cell  carcinoma  in  the  cervix  of  a 
mouse  after  estrogen  treatment,  has  been  described  (13).  Vaginal  changes 
have  been  described  in  various  tumor  strain  mice,  in  old  untreated  animals 
and  in  younger  animals  after  hormone  treatment  (14);  carcinoma-like  epi¬ 
thelial  downgrowths  were  seen  in  the  vaginae  and  cervices.  Vaginal  hyper¬ 
plasia  was  mentioned  by  Perry  and  Ginzton  (7). 
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In  the  human  female,  the  association  of  ovarian  follicle  cysts,  endo' 
metriosis  and  fibromyomas,  accompanied  by  sterility,  is  well  known.  Re' 
cently,  the  relation  of  such  uterine  conditions  to  glandular  dysfunction  has 
been  reemphasized  (15,  16,  17,  18),  or  attributed  specifically  to  the  long' 
continued  action  of  estrogenic  substances  without  intervention  of  a  corpus 
luteum  (17,  18).  Data  is  accumulating  to  show  that  endometriosis  occurs 
first,  later  fibromyomas  or  fibroadenomas  (15,  18). 

Since  it  was  shown  that  theelin  was  excreted  in  the  urine  of  the  animals 
with  well'developed  interstitial  gland  ovaries,  presumably  secreted  by  the 
interstitial  gland  cells  (3),  the  changes  produced  in  the  genital  tract  can  be 
correlated  with  the  long'continued  action  of  theelin.  Likewise  the  growth  of 
the  mammary  gland  is  a  result  of  theelin  stimulation,  for  in  the  guinea  pig 
complete  growth  of  the  gland,  both  ducts  and  alveoli,  may  be  induced  experi' 
mentally  by  theelin  alone  (19,  20).  In  rodents,  where  the  vagina  is  so  readily 
responsive  to  theelin,  changes  could  be  expected  from  prolonged  stimulation. 

It  is  questionable  of  course  whether  the  remaining  small  amount  of 
glandular  tissue  in  the  ovaries  of  these  older  animals  can  secrete  suflScient 
hormone  to  cause  the  changes  described.  No  theelin  was  obtained  from  the 
urine.  In  the  younger  treated  animals,  it  seemed  that  a  growing  follicle  was 
always  present  when  an  estrous  opening  appeared;  this  did  not  always  hold 
true  for  these  older  animals  which  remained  in  such  a  protracted  estrous 
state — indicating  a  somewhat  different  mechanism  at  work. 

It  is  doubtful  whether  the  large  cysts  in  the  guinea  pig  ovaries  contain 
theelin  or  whether  they  hberate  it  if  they  do.  Some  cysts  may  have  a  follicular 
origin,  for  small  ones  have  been  seen  forming  from  follicles.  But  most  of  them 
are  probably  of  rete  origin,  for  in  their  earlier  stages  they  seem  to  arise  near 
the  medulla  where  small  groups  of  rete  tubules  are  nearly  always  present 
even  in  normal  animals.  Moreover,  rete  cysts  are  not  uncommon  in  older 
normal  animals  although  none  as  large  as  the  ones  described  here  have  been 
seen.  When  present,  they  seem  to  have  no  effect  on  the  estrous  cycle,  nor  is 
any  more  theelin  excreted  in  the  urine  than  in  animals  with  non'Cystic  ova' 
ries.  In  the  author’s  experience,  occasional  unexplained  cyclic  disturbances, 
including  a  little  mammary  gland  proliferation,  occurred  in  normal  animals, 
which  were  then  found  to  have  an  ovarian  cyst  or  cysts  when  autopsied; 
in  such  instances  the  cyst  may  have  been  of  follicular  origin,  but  structurally 
there  seems  to  be  no  means  of  distinguishing  between  rete  cysts  and  follicu' 
lar  cysts  once  they  have  become  quite  large.  Dr.  William  Young  and  his  co' 
workers  (21)  are  also  of  the  opinion  that  the  majority  of  cysts  seen  in  normal 
guinea  pigs  are  inert  rete  cysts;  they  have  no  influence  on  the  cycles  and  no 
abnormal  changes  are  seen  in  the  secondary  sex  organs  of  old  animals  with 
cystic  ovaries. 

There  is  the  possibility  that  the  follicular  hormone  came  from  the  pitui' 
tary  working  through  the  ovaries.  The  hypophyses  of  these  animals  were 
larger  than  those  of  normal  animals,  and  had  a  much  greater  foUick'Stimulat' 
ing  effect  when  implanted. 
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SUMMARY 

After  irradiation  of  the  ovaries  of  guinea  pigs,  the  normal  ovarian  stroma 
was  replaced  by  interstitial  gland  cells,  which  were  formed  from  follicles  of 
all  sizes,  resembled  young  luteal  cells,  and  remained  in  their  original  condition 
for  indefinite  times.  These  apparently  secreted  theelin,  enabling  the  occur- 
rence  of  irregular  estrous  cycles  with  prolonged  estrous  openings.  In  time 
ovarian  cysts  appeared,  in  addition  to  the  glandular  tissue;  these  became 
progressively  larger.  Within  a  year  after  irradiation  small  endometrial  cysts 
were  common. 

Then  followed  progressively  more  severe  changes.  Endometrial  cysts 
became  larger,  more  numerous,  more  irregularly  distributed,  often  contained 
leucocytic  masses  and  became  greatly  distended.  Portions  of  the  uterine 
lumen  and  glandular  epithelium  were  replaced  by  mucus-secreting  epi¬ 
thelium  hke  that  in  the  cervix,  or  by  stratified  squamous  epithelium  with 
formation  of ‘pearls.’  The  uterine  musculature  and  the  tunica  propria  were 
replaced  by  varying  amounts  of  fibrous  tissue;  in  one  instance  a  definite 
fibroma  was  developing.  In  the  oldest  animal  the  entire  uterine  wall  was  al¬ 
most  solid  smooth  muscle,  with  adenomatous  glandular  growths  obscuring 
the  lumen,  and  more  muscle  and  glands  being  formed  peripherally.  Cervices 
showed  similar  changes,  including  formation  of  a  myoma  in  the  oldest  ani¬ 
mal.  Epithelial  downgrowths  occurred  in  the  vaginae,  more  severe  with 
increased  age.  Secondary  pathologic  conditions  resulted  from  adhesions  to 
other  organs. 

These  changes  are  similar  to  those  produced  experimentally  by  long 
continued  treatment  with  estrogenic  hormones. 
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THE  RELEASE  OF  COLLOID  FROM  THE  THYROID 
GLAND  BY  CENTRIFUGAL  FORCE 


j.  F.  McClendon 

From  Uppsala  Universitet  and  the  University  of  Minnesota 

The  thyroid  gland  is  peculiar  to  chordates.  In  Amphioxus  it  is  a  gland 
of  external  secretion,  the  endostyle,  in  the  floor  of  the  pharynx,  but  its 
secretion  is  swallowed  and  may  be  absorbed  and  hence  function  as  an  internal 
secretion.  In  the  larval  stage  of  Petromyzon  (Ammocoetes)  the  thyroglossal 
duct  is  open  and  the  thyroid  secretion  may  enter  the  pharynx  and  be  swab 
lowed  as  in  Amphioxus. 

In  the  embryos  of  selachians  the  thyroid  gland  is  at  first  a  string  of  cells.  Vrtel 
(i)  describes  its  development  in  Scyllium  canicula.  In  the  25  mm.  embryo  colloid  ap' 
pears  between  the  cells.  There  seems  to  be  no  barrier  to  prevent  this  colloid  (the 
thyroid  hormone)  from  passing  into  the  general  circulation.  In  the  33  mm.  embryo 
the  cells  arrange  themselves  around  each  mass  of  colloid.  This  follicle  formation  may 
impede  the  passage  of  colloid  into  the  circulation. 

Hirschlerowa  (2)  shows  spaces  between  the  cells  of  the  thyroid  follicle  of  the 
metamorphosing  tadpole. 

That  colloid  from  the  follicle  lumen  passes  between  the  cells  into  the  circulation 
during  the  metamorphosis  of  the  salamander  larva  was  stated  by  Uhlenhuth  (3),  as 
follows. 

Am  Ende  des  Larvenlebens  offhen  sich  aus  irgendeinem  Grunde  die  Interzellularspalten  der  Folli* 
kelwand.  Der  FoUikelinhalt  tritt  in  homogener  Form  oder  in  Form  von  kleinen  Tropfen  in  die  Spalten 
ein  und  wird  bis  zur  Basalmembran  vorgeschoben,  durch  welche  er  in  den  Blutsinus  diffiindiert.  ^Uten 
die  Sinusvakuolen  Kolloidvakuolen  sein,  so  wiirde  das  bedeuten,  dass  das  difFundierte  Material  bisweilen 
n  Form  von  Tropfen  ausserhalb  des  Follikels  an  der  Basalmembran  eine  z^itlang  halten  bleibt,  bis  es 
vom  Blutstrom  mit  fortgerissen  wird. 

Vrtel  also  concluded  that  the  colloid  passed  out  of  the  selachian  thyroid  follicle 
through  large  spaces  between  the  cells. 

Rienhoff  (4)  made  injections  and  wax  plate  reconstructions  of  the  thyroid  and 
found  that  although  each  follicle  was  intimately  enclosed  in  a  network  of  blood 
capillaries  the  lymphatics  were  fewer  in  number,  but  it  seems  immaterial  to  the 
physiology  whether  the  colloid  passes  into  the  blood  or  lymph  because  its  action  is 
slow’  even  when  injected  directly  into  the  blood.  The  main  point  is  that  it  gets  into 
the  circulation. 

Cramer  (5)  shaved  a  rat  and  exposed  it  to  heat  i  hours  and  on  sectioning  the 
thyroid  found  colloid  between  the  cells,  which  he  interprets  to  be  on  the  way  out 
of  the  follicle. 

Gloss,  Loeb,  and  McKay  (6)  found  that  injection  of  an  extract  of  the  anterior  lobe 
of  the  hypophysis  increased  the  alcohohinsoluble  iodine  in  the  blood  and  decreased 
the  iodine  in  the  thyroid.  They  concluded  that  this  alcohohinsoluble  iodine  in  the 
blood  is  thyroglobulin.  The  present  paper  deals  with  the  question  of  whether  the 
thyroglobulin  can  be  observed  to  escape  from  the  thyroid  follicle. 
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Uhlenhuth  has  made  many  observations  on  the  thyroids  of  transparent  larvae 
of  salamanders  and  has  summarized  his  observations  in  a  recent  paper  (7).  He  inter' 
preted  his  observations  as  showing  that  colloid  is  released  from  the  follicles  on  inject' 
ing  the  thyrotropic  hormone  into  these  larvae.  Some  investigators  have  supposed 
that  the  thyroglobulin  passed  back  into  the  secreting  cells  and  emerged  again  from 
the  opposite  pole  and  thus  found  its  way  out  of  the  follicle.  Since  it  was  shown  in 
Svedberg’s  laboratory  by  Heidelberger  and  Pedersen  (8)  that  thyroglobulin  has  a 
molecular  weight  of  700,000,  it  seemed  unlikely  that  it  would  pass  through  the  cells 
when  there  was  a  much  easier  route  of  passage  between  cells.  Sometimes  the  cell 
boundaries  are  not  evident  in  sections,  and  one  may  get  the  impression  that  the  cells 
are  very  tightly  adherent,  but  in  tissue  cultures  such  cells  often  fall  apart,  showing 
that  each  cell  is  a  unit. 

In  order  to  study  this  question  by  other  methods  the  author  placed 
Necturus  thyroids  in  the  Harvey 'Loomis  centrifuge  microscope  (9).  With 
this  instrument  the  highest  centrifugal  force  obtainable  was  about  11,000 
times  gravity.  Very  little  effect  was  evident  in  most  follicles.  By  prolonged 
observations,  however,  one  or  more  cells  of  the  follicle  would  be  seen  to 
break  loose  from  the  epithelium  and  fall  through  the  colloid,  thus  leaving  a 
hole  in  the  follicular  epithelium  through  which  colloid  could  escape. 

Since  thyrotropic  hormone  causes  release  of  the  colloid  when  the  thyroid 
is  in  the  animal,  the  effect  of  it  on  the  thyroid  in  the  chamber  of  the  Harvey' 
Loomis  centrifuge  microscope  was  investigated  with  this  hormone.  Its  effect 
was  a  more  rapid  loosening  of  cells  from  the  epithelium  so  that  they  would 
fall  through  the  colloid.  Only  a  few  cells,  however,  were  affected  during  an 
observation  period  of  about  10  minutes.  If,  however,  the  thyroid  remained  in 
Ringer’s  solution  containing  thryrotropic  hormone  in  the  cell  of  the  Harvey' 
Loomis  centrifuge  under  a  layer  of  oil  for  several  days,  there  was  a  complete 
loosening  of  all  the  cells  on  centrifuging,  and  they  fell  down  in  a  heap. 

An  attempt  was  made  to  tell  whether  there  was  oxygen'lack  by  the  color 
of  the  few  red  blood  cells  which  remained  in  the  thyroid  tissue.  Apparently 
there  was  no  complete  oxygen'lack  because  of  the  small  size  of  the  piece  of 
tissue.  Oxygen  could  diffuse  through  the  oil  at  a  more  rapid  rate  than  through 
water. 

That  spaces  appeared  between  the  cells  of  the  follicle  was  indicated  by 
the  fact  that  cells  completely  separated  from  one  another,  thus  leaving  the 
colloid  free  to  find  its  way  into  the  general  circulation.  If  there  are  spaces 
between  the  cells,  an  increase  in  centrifugal  force  should  cause  their  separa' 
tion  even  without  the  action  of  the  thyrotropic  hormone.  Thyroid  follicles 
were  placed  in  Svedberg’s  ultra'Centrifuge  and  subjected  to  centrifugal  force 
up  to  200,000  times  gravity.  Thyroids  from  three  different  sources  were 
used:  those  from  pigs  which  had  just  been  killed,  those  of  rabbits  that  had 
been  perfused  with  Ringer’s  solution  containing  a  trace  of  amyl  nitrite  (in 
Professor  Agduhr’s  laboratory),  and  one  from  a  thyroidectomy  performed  by 
Dr.  Gunnar  Nystrom.  In  each  case  a  thin  slice  made  with  a  razor  was  taken 
from  the  thyroid,  lifted  by  an  extreme  point  with  iridectomy  forceps  and 
drawn  through  Ringer’s  solution  until  the  damaged  cells  on  the  surface 
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were  washed  away,  then  lightly  pressed  between  filter  papers  and  placed 
under  oil  in  the  centrifuge. 

As  the  centrifuge  speeded  up,  the  field  shown  through  the  quartz  win¬ 
dows  became  divided  into  two  parts:  the  thyroid  tissue  which  was  heavier 
(more  peripheral)  and  a  layer  of  extra  cellular  liquid  which  was  lighter  (more 
centripetal).  As  the  speed  increased  thyroglobulin  in  the  lighter  liquid  started 
to  precipitate,  and  its  boundary  could  be  detected  by  the  refraction  of  light 

Follic.epitK.  _^7^^^j,7.,^Con.tis.Capa. 


Fig.  I.  Appearance  of  thyroid  follicles  fixed,  immediately  after  removal  from  the  ultra<entrifuge, 
in  Zenker's  fluid  and  stained  as  described  in  the  text,  showing  different  degrees  of  obhteration  of  the 
follicles  (i.e.  passage  of  colloid  out  of  the  lumen),  a.  Hog  thyroid  follicle,  b.  Human,  c.  Human,  d.  Rabbit. 


(quartz  mercury  arc  light  passed  through  the  chlorine  and  bromine  filters). 
Therefore  the  fluid  which  was  exuded  from  the  thyroid  contained  colloid 
(thyroglobulin).  Except  in  the  case  of  perfused  thyroids,  it  also  contained 
traces  of  hemoglobin  which  could  be  seen  to  precipitate  at  a  slower  rate 
than  the  thyroglobulin  and  hence  form  a  boundary  nearer  the  center  of 
rotation.  These  glands  together  with  the  controls  were  fixed  in  Zenker’s 
fluid  immediately  on  stoppage  of  the  centrifuge  and  were  cut  in  sections  3 
microns  thick  by  Miss  Sandin  in  Professor  Agduhr’s  laboratory  and  stained 
by  the  following  methods:  a),  Hansen’s  hematoxylin-picrofuchsine;  b), 
Haidenhain’s  iron-alum-hematoxylin  and  eosin;  c),  hematoxylin  and  eosin; 
d),  colloid  of  Kraus  and  polychrome  methylene  blue-oxygen-fuchsine  tannin 
of  Fraenkel. 

Due  to  the  time  required  to  slow  down  the  centrifuge  (about  half  an 
hour)  the  histological  picture  would  not  be  expected  to  be  quite  the  same 
as  while  it  was  in  the  centrifuge.  The  displacements  of  chromatin  and  other 
cellular  constituents  inside  the  cells  due  to  centrifugal  force  had  largely  but 
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not  entirely  been  obliterated  by  return  of  these  elements  to  their  former 
positions  (10). 

The  chief  difference  between  the  centrifuged  and  the  control  was  the 
smaller  amount  of  total  colloid  in  the  centrifuged  sections.  This,  however, 
does  not  indicate  the  method  of  exit.  The  hog  thyroids  did  not  as  a  rule 
show  any  spaces  between  the  cells.  In  follicles  cut  favorably,  where  colloid 
remained,  most  of  the  colloid  was  outside  the  secreting  epithelium  (fig.  i,  a). 
That  is  to  say,  the  lumen  of  the  epithelium  was  collapsed  and  contained  only 
small  amounts  of  colloid,  whereas  the  connective  tissue  capsule  of  the  follicle 
was  distended  with  colloid  with  which  it  was  now  in  direct  contact.  In  the 
human  thyroid,  however,  the  cells  of  the  follicle  were  often  piled  in  a  heap 
leaving  the  colloid  in  direct  contact  with  the  connective  tissue  of  the  capsule 
of  the  follicle  (fig.  i,  b).  Since  cells  must  separate  or  slide  upon  one  another 
in  order  to  be  rearranged  in  a  heap,  it  seems  evident  that  the  colloid  could 
have  passed  between  them  during  the  rearrangement.  In  some  follicles  there 
was  some  colloid  left  in  the  lumen  (fig.  i,  c).  In  the  rabbit  somewhat  similar 
relations  were  seen;  that  is,  the  cells  were  in  a  heap  with  sometimes  a  com' 
plete  obhteration  of  the  lumen  (fig.  i,  d). 

We  interpret  these  observations  as  indicating  that  thyrogobulin  can  pass 
between  the  cells  of  the  follicle  and  that  this  is  the  manner  in  which  it 
reaches  the  tissue  spaces,  lymph  spaces,  and  blood.  This  would  be  the 
simplest  method.  The  diffusion  of  thyroglobulin  with  a  molecular  weight 
of  700,000  through  the  plasma  membrane  of  a  living  cell  seems  incredible; 
therefore  we  do  not  believe  that  it  simply  diffuses  out  of  the  follicle. 

The  method  by  which  colloid  enters  the  follicle  has  been  described  by 
Uhlenhuth  (ii)  as  a  passage  of  small  droplets  into  the  follicular  lumen. 
Recently  extruded  droplets  stain  a  hghter  color  in  sections,  and  the  idea  has 
been  advanced  that  they  contain  more  water;  that  is  to  say,  the  thyroglobulin 
solution  is  inspissated  in  the  lumen  of  the  follicle  as  bile  is  inspissated  in  the 
gall  bladder. 

Baillif  (12)  exposed  rats  to  cold  and  found  that  portions  of  the  follicular 
walls  of  the  thyroid  follicles  were  destroyed,  liberating  colloid  into  the  inter' 
follicular  spaces.  This  passage,  according  to  Uhlenhuth  and  others,  is  con' 
trolled  by  the  anterior  hypophysis,  and  Uhlenhuth  has  postulated  two 
hormones,  one  which  causes  release  of  colloid  and  another  which  causes  an 
increased  production  of  more  colloid.  Whether  these  two  effects  are  the 
action  of  one  or  two  hormones  is  not  evident  from  our  experiments  which 
concern  only  the  release  of  pre'formed  colloid. 

From  the  observations  of  putting  the  thyroid  directly  into  the  ultra' 
centrifuge  and  observing  precipitation  of  thyroglobulin  in  the  extruded 
colloid,  it  seems  very  hkely  that  the  colloid  consists  of  a  solution  of  thyro' 
globulin  (and  some  water  soluble  extractives  of  relatively  low  molecular 
weight)  in  water,  and  that  such  substances  as  nucleoporteins  are  not  nor' 
mally  present  in  the  colloid,  but  gain  entrance  due  to  cell  destruction  by  the 
ordinary  methods  of  hashing  tissue  to  obtain  thyroglobulin. 
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SUMMARY 

From  direct  observation  of  thyroid  tissue  in  the  ultracentrifuge  and  in 
the  centrifuge-microscope  and  from  histological  preparations  of  the  tissue 
fixed  immediately  after  removal,  it  has  been  concluded  that  colloid  (thyro- 
globulin)  can  pass  between  the  cells  of  the  folh’cle  under  the  action  of  the 
thyrotropic  hormone  or  under  some  mechanical  force,  such  as  centrifugal 
force. 

Thanks  are  due  Professor  The  Svedberg,  Dr.  Kai  O.  Pedersen,  Professor  Erick  Agduhr,  and  Dr. 
Harold  Lundgren  for  assistance  in  the  experiments  in  Uppsala  and  to  Professor  J.  B.  Colhp  for  the 
thyrotropic  hormone. 

University  of  Minnesota 
The  Medical  School 
Minneapolis,  Minn. 

REFERENCES 

I.  Vrtel:  I.  Acad.  Polonaise  Sci.  Math.  J^at.  (B)  ii:  155.  19 ji. 

1.  Hirschlerowa,  Z.:  Ztschr.  /.  Zell/orsch.  u.  tni^.  Atuxt.  6:  251.  1927. 

3.  Uhlenhuth,  E.:  Ztschr.  f.  Zcllforsch.  u.  mil^.  Anat.  7:  595. 1928. 

4.  Rienhoff,  W.  F.,  Jr.:  Arch.  Surg.  23: 783.  1931. 

5.  Cramer,  W.:  Fever,  Heat  Regulation,  Climate  and  the  Thyroid' Adrenal  Apparatus,  Longmans, 
1928. 

6.  Closs,  K.  L.,  Loeb  and  E.  M.  McKay:  J.  Biol.  Chern.  96: 58'  193  J- 

7.  Uhlenhuth,  E.:  Tr.  Am.  A.  Study  Goiter,  p.  25,  1936. 

8.  Heidelberger,  M.,  and  K.  O.  Pedersen:  J.  Gen.  Physiol.  1  j  95.  1935. 

9.  McClendon,  J.  F.:  Science  83:  283.  1936. 

10.  Hellbaum,  H.  W.:  Anat.  Rec.  67:  53.  1936. 

11.  Uhlenhuth,  E.:  Science  62:  565.  1925. 

12.  Baillif,  R.  N.:  Am.  J.  Anat.  61:  i.  1937. 


CALORIGENIC  POTENCY  OF  FREE 
THYROXINE  BY  MOUTH 


W.  O.  THOMPSON,  P.  K.  THOMPSON,  S.  G.  TAYLOR,  III 
AND  L.  F.  N.  DICKIE 

From  the  Department  of  Medicine,  Rush  Medical  College  of  the  University  of 
Chicago  and  the  Presbyterian  and  Coo\  County  Hospitals 

CHICAGO,  ILLINOIS 

WE  HAVE  previously  shown  that  synthetic  thyroxine,  when  admin' 
istered  by  mouth  in  single  doses  of  from  lo  to  loo  mg.,  does  not  pro- 
duce  a  definite  increase  in  basal  metabolism  in  patients  with  myxedema. 
When  administered  into  the  duodenum  in  single  doses  of  from  lo  to  50  mg., 
it  is  hkewise  without  demonstrable  effect  (i).  On  the  other  hand,  thyroxine 
does  produce  a  clear'cut  calorigenic  response  when  administered  as  the 
monosodium  salt  and  a  still  greater  effect  when  given  in  an  alkahne  solution 
(2).  In  the  course  of  observations  on  the  maintenance  dose  of  monosodium 
thyroxine  (3),  thyroxine  as  the  free  amino  acid  was  accidentally  substituted 
and  it  appeared  to  possess  shght  activity.  It,  therefore,  seemed  desirable  to 
determine  more  precisely  the  effect  of  thyroxine  given  orally  as  the  free 
amino  acid,  by  administering  large  daily  doses  for  a  comparatively  long 
period. 

METHOD 

Daily  doses  of  from  7.5  to  50.0  mg.  of  crystalline  synthetic  thyroxine 
(Hoffmann'LaRoche)  were  suspended  in  distilled  water  and  administered 
by  mouth  to  a  patient  with  marked  myxedema.  A  total  of  250  cc.  of  water 
was  used  with  each  dose  for  suspension  and  rinsing.  The  thyroxine  was  usu' 
ally  administered  between  4  and  6  o’clock  in  the  afternoon,  the  patient  hav' 
ing  dinner  at  noon  and  supper  at  5  p.m.  For  a  period  of  14  days  the  thyroxine 
was  administered  in  the  form  of  tablets  instead  of  in  the  form  of  powder. 

RESULTS 

The  data^  are  recorded  in  figure  i,  and  the  levels  of  basal  metabolism  on 
the  various  doses  of  thyroxine  are  summarized  in  table  i.  It  may  be  seen  that 
thyroxine  as  the  free  amino  acid  must  be  administered  by  mouth  in  a  dose  of 
at  least  50  mg.  daily  in  order  to  maintain  a  normal  level  of  metabolism.  It  is 
not  surprising  that  the  levels  were  about  the  same  during  the  administration 
of  7.5  mg.  daily  and  the  second  administration  of  15.0  mg.  daily,  as  during 
the  administration  of  25.0  mg.  daily.  The  smaller  doses  were  given  after 
the  metabolism  had  already  been  raised  and  the  slowness  with  which  the 

‘  The  first  few  metabolism  observations  showing  the  absence  of  a  definite  effect  from  a  single  dose 
of  40  mg.  of  thyroxine  by  duodenum  and  of  lOO  mg.  by  mouth  have  been  previously  reported  (i). 
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effect  of  thyroxine  disappears  in  patients  with  myxedema  has  been  well 
established.  The  low  level  of  metabolism  while  the  patient  was  receiving 


Fig.  I.  Mrs.  P.  S.  Age  44  years.  Height  166  cm.  The  calorigenic  activity  of  synthetic  thyroxine  I 

administered  orally  as  the  free  amino  acid  to  a  patient  with  myxedema.  I 

the  second  course  of  treatment  with  15  mg.  daily  indicates  that  the  normal 
level  of  metabolism  observed  during  the  first  course  of  treatment  with  this  i 


Table  i 


Daily  dose  of  thyroxine 
mg. 

Period  of  administration 

Level  of  basal  metabolism 

%  normal  - 

15.0 

Feb.  11  to  March  10.  19J3 

—  21 

50.0 

March  11  to  May  5.  19J  j 

-  3 

ly.o 

May  6  to  May  ly.  1933 

+  4‘  i 

7-5 

May  16  to  July  y.  1933 

-19I  1 

15.0 

July  6  to  July  20.  1933 

-19  j 

15.0 

July  11  to  Aug.  10.  1933 

—  11  ! 

55-0 

Aug.  11  to  Aug.  ly.  1933 

-n  1 

40.0 

Aug.  16  to  Oct.  16. 1933 

-II  ! 

50.0 

Oct.  17  to  Dec.  19.  1933 

-  9 

Av.  level  of  basal  metabolism  while  myxedematous 

—  36  per  cent  ‘ 

Av.  level  of  basal  metabolism  on  ay  mg.  thyroxine  daily 

—  22  per  cent  . 

Av.  level  of  basal  metabolism  on  50  mg.  thyroxine  daily 

—  6  per  cent  ! 

*  See  text. 


dose  was  probably  an  artefact.  The  first  course  was  given  for  21  days  after 
the  metabolism  had  already  been  raised  to  minus  3  per  cent  by  the  admin' 
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istration  of  50  mg.  daily.  During  the  first  14  of  these  21  days  the  patient  re^ 
ceived,  instead  of  the  powder,  some  special  tablets  prepared  by  the  manu' 
facturer  which  were  said  to  contain  the  free  amino  acid.  The  tablets  may 
have  contained  different  material  from  the  powder,  or  the  slightly  different 
method  of  administration  may  have  been  responsible  in  part  for  the  difference 
in  results.  An  important  factor,  however,  was  that  the  first  course  of  treat' 
ment  with  15  mg.  daily  did  not  last  long  enough  for  the  effect  of  the  dose  of 
50  mg.  daily  to  wear  off. 

Gastric  analysis,  using  an  Ewald  test  meal  and  a  digestion  period  of  45 
minutes,  showed  the  free  acid  to  be  equal  to  15  cc.  and  the  total  acid  to  31 
cc.  of  o.iN  hydrochloric  acid  per  100  cc.  of  gastric  juice. 

COMMENT 

These  data  serve  to  emphasize  the  great  importance  of  the  form  in  which 
thyroxine  is  given.  In  their  interpretation  it  may  be  pointed  out  that,  in  pa- 
tients  with  marked  myxedema,  the  maintenance  dose  of  thyroxine  admin' 
istered  orally  as  the  monosodium  salt  is  about  1.5  mg.  daily,  and  intrave' 
nously  in  alkaline  solution  about  0.33  mg.  daily  (3,  4).  The  maintenance  dose 
of  thyroxine  administered  orally  in  alkaline  solution  has  not  been  deter' 
mined,  but  judging  from  the  comparative  effects  of  single  large  doses  by  the 
oral  and  intravenous  routes,  might  be  about  0.55  mg.  daily.  It  follows  that 
thyroxine  when  given  orally  as  the  free  amino  acid  is  about  1/3  3rd  as  effec' 
tive  as  when  given  orally  as  the  monosodium  salt,  about  i/qoth  as  effective 
as  when  given  by  the  same  route  in  alkaline  solution  and  about  1/ 150th  as 
effective  as  when  given  intravenously  in  alkaline  solution.  It  has  been  pointed 
out  that  the  welbrnarked  activity  of  an  alkaline  solution  when  given  by 
mouth  probably  depends  upon  the  presence  of  a  soluble  salt.  The  slight  ac' 
tivity  of  the  free  amino  acid  presumably  means  that  the  alkahnity  of  the 
small  intestine  in  this  particular  patient  was  sufficient  to  dissolve  only  a 
small  fraction  of  the  thyroxine  administered.  The  practical  conclusion  to  be 
drawn  from  these  observations  is  that  if  thyroxine  is  administered  orally  in 
the  treatment  of  myxedema,  it  should  be  given  in  an  alkaline  solution  in 
order  to  produce  a  maximum  effect.  The  treatment  of  myxedema  with  desic' 
cated  thyroid  is,  of  course,  so  satisfactory  that  treatment  with  thyroxine 
usually  possesses  no  advantage. 


SUMMARY 

In  a  patient  with  marked  myxedema  whose  basal  metabohsm  was  minus 
36  per  cent,  it  was  necessary  to  administer  at  least  50  mg.  of  thyroxine  daily 
by  mouth  as  the  free  amino  acid  in  order  to  maintain  a  normal  level  of 
metabolism.  On  the  basis  of  these  data,  thyroxine  in  this  form  is  about  1/3  3rd 
as  effective  as  when  given  orally  in  the  form  of  the  monosodium  salt,  about 
I /90th  as  effective  as  when  given  orally  in  alkaline  solution,  and  about 
i/i50th  as  effective  as  when  given  intravenously  in  alkahne  solution. 
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If  thyroxine  is  administered  orally  in  the  treatment  of  myxedema,  it 
should  be  given  in  an  alkaline  solution  in  order  to  produce  maximum  results. 
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PSEUDO'SEXUAL'PRECOCITY;  THE  AD^ 

RENAL  CORTICAL  SYNDROME  IN 
PREADOLESCENT  GIRLS 

REPORT  OF  A  SUCCESSFULLY  OPERATED  CASE 
WILLIAM  A.  REILLY,  H.  LISSER 

AND 

FRANK  HINMAN 

From  the  Departments  of  Pediatrics,  Medicine,  and  Urology, 

University  of  California  Medical  School 

SAN  FRANCISCO,  CALIFORNIA 

The  symptoms  and  signs  produced  by  adrenal'cortical'endocrine'tumors 
(hyperplasias,  adenomas,  or  malignancies)  vary  according  to  the  sex  and 
age  of  the  patient.  If  such  a  tumor  arises  during  intra-uterine  life,  pseudcp 
hermaphroditismus  results;  if  it  occurs  in  a  little  boy,  sexual  precocity 
develops  with  genitalia  of  adult  size  and  corresponding  secondary  sex 
characteristics;  if  the  adult  male  is  affected,  gynecomastia,  and  perhaps  even 
lactation  and  other  evidences  of  femininization  appear;  the  adult  female  is 
masculinized  (so'called  virilism  or  hirsutism)  and  amenorrhea,  heterosexual 
hypertrichosis,  enlarged  clitoris  and  atrophy  of  the  mammary  tissue  develop. 
When  a  little  girl  is  afflicted  by  such  a  tumor,  however,  pseudo-sexual 
precocity  occurs,  the  outstanding  characteristics  of  which  are  the  very 
early  appearance  of  pubic  hair  and  hypertrophy  of  the  clitoris  causing  it  to 
resemble  a  small  penis. 

Pineal,  testicular  and  cerebral  tumors  can  cause  sexual  precocity  in  a 
boy  very  similar  to  that  produced  by  an  adrenal  tumor.  Eunuchism  can  ac' 
count  for  gynecomastia  in  a  man.  Cushing’s  disease  of  the  pituitary  body, 
arrhenoblastoma  of  the  ovary,  or  oat-cell  tumor  of  the  thymus  can  mascu¬ 
linize  the  adult  female  in  a  manner  difficult  to  distinguish  from  the  virilismus 
of  an  adrenal  tumor.  No  other  lesion,  however,  seems  capable  of  imitating 
the  clinical  picture  seen  in  a  little  girl  with  an  adrenal  cortical  tumor.  It 
should  be  emphasized  that  the  sexual  precocity  caused  by  a  granulosa-cell 
tumor  of  the  ovary  is  by  no  means  identical  with  that  seen  v/ith  a  tumor  of 
the  adrenal  cortex.  In  these  tumors  of  the  ovary  the  internal  genitalia  are 
those  of  an  adult  female,  early  menstruation  takes  place  (at  from  i  to  5  years 
of  age);  but  enlargement  of  the  clitoris  does  not  occur.  Instances  of  men¬ 
struation  or  vaginal  bleeding  before  the  age  of  1 1  years  are  exceptional,  but 
have  been  recorded  in  connection  with  tumors  of  the  adrenal  cortex.^  Be- 

*  Kepler  recorded  a  case  in  which  menstruation  began  at  the  age  of  8  years;  Lasai,  one  in  which  it 
began  at  the  age  of  9  years,  and  Bulloch  and  Sequeira,  one  in  which  menstruation  appeared  when  the 
patient  was  10  years  old.  In  2  of  the  3  cases  of  aberrant  adrenal  tumor  which  have  been  reported,  actual 
menorrhagia  and  metrorrhagia  began  at  the  age  of  3  years  and  9  months  (Riche's  case)  and  4  years  (Gau¬ 
dier 's  case)  respectively. 
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cause  of  these  important  distinctions  the  term  ‘pseudo-sexual  precocity’ 
(Lisser)  is  used  for  the  clinical  picture  seen  in  little  girls  with  adrenal  cortical 
tumors,  in  contrast  to  the  ‘true  sexual  precocity’  caused  by  granulosa-cell 
tumors  of  the  ovary  which  produce  the  female  sex  hormone  in  excess.  The 
following  table  summarizes  these  differences. 


Tumors  of  the 
adrenal  cortex 

Other  conditions  causing 
similar  syndromes 

In  intra'Uterine  life 

Pseudohermaphroditismus 

Boy 

Sexual  precocity 

Pineal  tumor 

Testicular  tumor 

Cerebral  tumor 

In  infancy 

Girl 

Pseudo^xual  precocity  with 
pubic  hair 

Enlarged  clitoris 

True  sexual  precocity 

Adult  genitalia 

Early  menstruation 
Granulosa<ell  tumor  of  the  ovary 

In  adult  life 

Male 

Gynecomastia 

Femininization 

Enunuchism 

Female 

Virilism  or  hirsutism 
Masculinization 

Cushing's  disease 

Oat-cell  tumor  of  thymus 
Arrhenoblastoma  of  ovary 

As  a  rule,  adrenal'corticahendocrine'tumors  are  encapsulated  for  some 
time,  which  aids  materially  in  successful  surgical  removal.  Later  on,  as  ma^ 
lignant  changes  progress,  metastases  take  place,  usually  to  the  lungs,  liver 
and  spleen.  Hence  the  importance  of  early  diagnosis  and  operation. 

This  review  does  not  refer  to  the  adrenal  tumors  producing  the  chnical 
syndromes  described  by  Hutchinson  and  Pepper,  which  do  not  present 
endocrine  abnormalities.  Nor  are  neuroblastomas  or  paragangliomas  im 
eluded,  since  they  originate  in,  and  consist  of,  suprarenal  medullary  tissue, 
and  not  cortical. 

CASE  REPORT 

J.B.,  an  American  girl  baby,  had  grown  remarkably — 5^^  inches — from  her 
14th  to  her  22nd  month  of  age.  She  had  always  been  masculine  in  appearance,  was 
very  strong,  had  a  deep  voice  and  the  emotional  and  mental  aspects  of  a  boy.  At  15 
months  of  age,  a  physician  found  a  complete  membraneous  adhesion  between  the 
labia,  so  that  urine  escaped  only  by  means  of  a  small  hole  at  the  posterior  end  of  the 
introitus.  Nothing  abnormal  was  noticed  with  regard  to  the  clitoris  or  pubic  hair 
at  that  time.  The  membrane  was  dissected  away,  which  relieved  masturbation. 
Seven  months  later,  when  the  child  was  22  months  old  she  was  taken  to  Dr.  Harry 
Lusignan  of  Monterey,  California,  with  the  complaint  that  the  cUtoris  had  been 
growing  rapidly  for  4  months  and  pubic  hair  for  2  months,  and  that  there  had  been 
a  rapid  progression  in  speech,  strength  and  height.  There  was  no  story  of  generalized 
hirsutism,  asthenia,  increased  pigmentation,  plethora,  striae  with  obesity,  or  menses.* 

No  similar  endocrine  abnormality  had  occurred  in  the  patient’s  family;  however, 

*  Dr.  Lusignan  sent  a  photograph  of  the  patient  to  one  of  us  ^.L.)  who  suggested  that  the  presence 
of  pubic  hair  and  an  enlarged  cUtoris  in  a  girl  of  a  years  of  age  without  menstruation  was  characteristic 
of  a  tumor  of  the  adrenal  cortex. 


January,  1939 


PSEUDO'SEXUAL  PRECOCITY 


93 


the  mother  had  had  a  mild  asymptomatic  goiter  since  the  age  of  10  years  and  her 
menarche  began  slightly  early,  at  ii  years.  The  patient  was  an  only  child.  Her  birth 
and  feeding  history,  habits  and  systems  were  normal;  she  had  never  had  an  illness; 
her  development  except  for  the  present  complaint,  was  like  that  of  any  other  normal 
child. 

This  girl  appeared  strikingly  boyish  in  features,  carriage,  demeanor,  and  voice, 
an  impression  which  the  short  blond  hair  accentuated.  Her  height,  36^  inches, 
was  average  for  a  child  3  years  old,  whereas  she  was  not  yet  2  years  old.  Her  span, 
upper,  and  lower  measurements  were  normal  in  proportion  to  her  height.  A  fair 
number  of  straight  hairs  were  present  over  the  pubis,  and  the  markedly  enlarged 
clitoris  was  very  evident.  It  protruded  almost  an  inch  from  between  the  labia,  and 
resembled  the  penis  of  a  boy  of  similar  age. 

Elsewhere  on  the  skin  there  was  no  abnormal  hirsutism  or  disturbance  of  the 
pigment.  However,  there  was  a  definite  pinkish,  mottled  maculo-circinate  rash  over 
the  body  and  limbs.  This  was  evanescent,  and  was  induced  by  crying  (cutis  mat' 
morata).  The  child  was  irritable.  She  had  all  of  her  deciduous  teeth,  which  was 
rather  precocious. 

Nothing  else  of  importance  was  detected  except  for  the  abdominal  and  genital 
examinations.  Several  examiners  thought  a  slightly  enlarged  spleen  was  palpable. 
Only  two  were  able  to  feel  a  hard,  movable,  smooth,  oval  mass  mesial  to  the  spleen 
and  deep  in  the  upper  left  quadrant.  One  thought  it  was  the  kidney.  Very  deep  pah 
pation  was  impossible  because  of  the  apprehension  and  crying  of  the  child. 

On  examination  of  the  external  genitalia  the  clitoris,  as  noted  above,  was  the  size 
of  the  penis  of  a  boy  of  similar  size.  Enlarged  labia  minora  surrounded  it  in  cowl 
fashion.  The  urethral  and  hymenal  openings  were  in  the  usual  female  sites.  Rectal 
examination  revealed  nothing  unusual,  a  normal  uterus  being  present. 

The  blood  pressure  varied  between  102/40  and  115/65,  which  is  strikingly  high 
for  this  age.  Routine  blood  counts,  urinalysis,  and  Wassermann  test  gave  normal 
findings;  the  tuberculin  skin  test  gave  negative  findings.  Examinations  of  the  blood 
(fasting)  showed,  per  100  cc.:  whole  chlorides  528.8  mg.;  sugar  124  mg.;  and  cho' 
lesterol  227  mg. 

The  bone'age  was  just  under  4  years,  an  acceleration  of  2  years.  There  was  evi' 
dent  thinning  of  the  cortices  and  reduction  in  the  number  of  trabeculae  of  the  right 
hand.  The  sella  turcica  was  of  normal  size  and  shape.  Pyelograms  showed  the  right 
kidney  to  be  normal  in  size,  shape  and  position.  The  left  kidney  was  slightly  lower 
than  normal  and  a  mass  about  6  inches  in  diameter  appeared  to  lie  immediately  above 
it.  The  outline  of  the  renal  pelvis  on  the  right  side  was  normal.  On  the  left  side  the 
upper  pole  of  the  kidney  was  depressed  and  the  pelvis  was  nearly  at  right  angles  to 
its  normal  position.  There  was  a  slight  blunting  of  the  calices  of  the  upper  pole. 
Both  ureters  appeared  to  be  normal.  A  tumor  above  the  upper  pole  of  the  left  kichiey, 
probably  adrenal,  was  suspected. 

This  ureteral  catheterization  was  done  without  the  realization  that  the  patient’s 
temperature  had  been  38.5°  C.  rectally  for  2  hours.  Hematuria  developed  on  the 
next  day,  and  the  patient  had  several  convulsions.  After  4  days  the  hemoglobin  had 
dropped  to  54  per  cent  and  the  red  blood  cell  count  to  3.2  million;  the  abdomen  was 
distended  and  a  large  tender  mass  (probably  hemorrhage  into  the  tumor)  was  present 
in  the  left  flank.  There  was  no  evidence  in  the  roentgenogram  of  extravasation  of  the 
opaque  medium  outside  of  the  kidney.  Three  transfusions,  totaling  400  cc.,  were 
given  in  the  next  3  days.  There  was  no  evidence  of  further  hemorrhage,  and  the  mass 
slowly  receded  to  the  size  of  an  orange.  Temperature  and  pulse  fell  by  lysis  to  normal 
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in  2  weeks.  By  this  time  the  size  of  the  clitoris  and  labia  minora,  and  the  amount  of 
pubic  hair  had  increased  noticeably.  Three  weeks  after  the  cystoscopy,  the  patient 
had  normal  blood  findings  and  there  were  no  physical  or  roentgenological  evidences 
of  metastases  in  the  lungs  or  liver. 

Operation.  A  left,  oblique  lumbar,  extraperitoneal  approach  was  used,  and  a 
large  adrenal  tun\or  was  removed  by  blunt  dissection.  It  was  attached  to  the  dia' 
phragm  for  about  4  cm.,  and  along  its  entire  inferior  surface,  to  the  superior  pole  of 
the  kidney.  A  small  portion  of  tumor  remained  attached  to,  and  was  excised  from, 
the  inferior  surface  of  the  diaphragm  after  removal  of  the  main  portion.  The  wound 
was  flooded  with  75  per  cent  alcohol,  sponged  out  and  closed  with  a  cigarette  drain. 
The  patient  was  returned  to  bed  in  good  condition. 

The  tumor  was  about  12  cm.  in  diameter,  slightly  irregular  and  nodular,  and  dark 
brownish'black  on  the  outside.  The  cut  surface  was  made  up  of  two  parts.  The 
peripheral  portion  encircled  the  entire  tumor  varying  from  0.5  to  3  cm.  in  thickness. 
It  contained  gray  and  hemorrhagic  gray  tissue,  which,  in  some  portions,  appeared  to 
contain  considerable  fibrous  tissue.  The  central  portion  was  egg-shaped.  It  was  made 
up  of  orange  yellow,  soft,  pliable,  homogeneous  tissue.  At  one  point,  bright  yellow 
tissue  just  beneath  the  capsule  was  separated  from  it  and  resembled  a  portion  of 
adrenal  cortex.  Microscopically,  there  were  extensive  areas  of  coagulation  necrosis 
in  which  no  definite  cellular  elements  were  recognizable.  These  areas  composed  al¬ 
most  the  entire  tumor  and  contained  numerous  areas  of  perivascular  hemorrhage. 
About  the  edges  in  some  places,  numerous  inflammatory  cells  were  present,  and  early 
organization  of  the  cellular  debris  was  taking  place.  At  the  edge  of  one  of  these  por¬ 
tions  were  sheets  of  polyhedral  cells  with  vesicular  cytoplasm  and  small  nuclei  con¬ 
taining  finely  divided  chromatin.  There  was  considerable  variation  in  the  size  of  the 
nuclei  and  their  staining  properties.  Few  mitoses  were  found.  The  pathological 
diagnosis  was  carcinoma  of  the  adrenal  cortex  showing  coagulation  necrosis. 

The  urinary  findings  were  negative  for  prolan  or  estrin;  the  tumor  tissue  was 
negative  for  adrenal  cortical  hormone  (cortin). 

One  week  after  operation  induration  appeared  in  the  wound,  and  about 
weeks  later  45  cc.  of  purulent  material  was  evacuated.  At  the  same  time  a  large  fur¬ 
uncle  developed  on  the  left  buttock  and  required  incision.  Two  cultures  of  the  blood 
gave  negative  findings.  One  month  after  operation  an  upper  respiratory  infection 
with  cervical  adenitis  lasted  for  one  week.  Six  weeks  after  operation  the  patient  went 
home  in  good  condition. 

Three  months  after  operation,  roentgenotherapy  to  the  abdomen  and  lungs  was 
instituted  for  prophylaxis.  After  daily  exposures  for  2J4  weeks,  the  patient  suffered 
from  nausea,  vomiting  and  leucopenia  (2,550  with  77  per  cent  polymorphonuclear 
leucocytes)  but  without  secondary  anemia.  This  cleared  up  promptly.  The  mother 
had  already  noted  a  less  masculine  manner.  The  pubic  hair  was  disappearing  and  the 
clitoris  was  little  smaller.  In  contrast  with  her  previous  rapid  growth,  she  had  grown 
only  0.4  inch. 

Seven  months  after  operation  the  tendency  toward  a  more  feminine  psyche  and 
appearance  was  very  much  more  definite;  the  patient  had  grown  inches,  her 
health  was  excellent,  the  pubic  hair  had  fallen  out  entirely,  and  the  clitoris  was 
smaller.  There  were  no  evidences  of  metastases;  the  liver  and  spleen  were  no  longer 
palpable;  there  was  no  leucopenia.  The  bone-age  had  reached  almost  5  years  (chrono¬ 
logical  age:  30  months). 

An  opportunity  was  afforded  to  hospitalize  the  patient  and  recheck  her  status  in 
June  1937,  two  years  after  the  removal  of  the  adrenal  cortical  tumor.  She  had  been 
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Fig.  lA.  Patient's  appearance  at  21  months  (April  19J5),  prior  to  removal  of  adrenal  tumor.  Note 
precociously  developed  labia  and  protrusion  of  clitoris  even  in  erect  posture.  iB.  26  months  later  (June 
19J7);  note  change  in  external  genitalia;  clitoris  no  longer  visible  in  this  position. 

Fig.  2  (April  19J5).  Note  a  few  pubic  hairs  and  especially  marked  hypertrophy  of  clitoris  with 
glans  penis  and  prepuce. 

Fig.  jA.  Note  enlarged  clitoris  and  pubic  hair  (April  19J5).  jB  (June  1937).  Note  disappearance 
of  pubic  hairs  and  some  shrinking  of  clitoris  following  removal  of  adrenal  cortical  tumor  26  months  ago. 
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Fig.  4A  (April  19J5).  Localization  of  left-sided  adrenal  cortical  tumor  by  retrograde  pyelography. 
Note  displacement  downward,  and  flattening  of  upper  calyx.  4B  (June  19J7).  Note  restoration  of  kidney 
to  normal  position  following  removal  of  adrenal  tumor. 


Fig.  5.  Note  gross  appearance  of  encapsulated  malignant  adrenal  cortical  tumor. 

Fig.  6.  Photomicrograph  of  tumor,  showing  characteristic  polyhedral  adrenal  cortical  cells  with 
malignant  change. 
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quite  well  in  the  interim.  Her  height  was  44.2  inches,  a  growth  of  approximately  7*^ 
inches  in  slightly  over  2  years.  This  growth  increment  was  decidedly  greater  than 
normal  for  this  age  period,  but  it  was  the  mother’s  impression  that  the  rate  of  growth 
had  subsided  somewhat  in  the  last  year  as  compared  with  the  first  year  following  the 
operation. 

She  looked  well,  and  her  face  and  figure  were  more  girlish  than  when  first  seen 
(fig.  iB).  Pubic  hair  had  disappeared  entirely.  Her  clitoris  was  still  markedly  larger 
than  normal,  but  unquestionably  smaller  than  before  operation,  as  is  evident  from 
the  fact  that  it  had  protruded  from  between  the  vulva  when  she  stood  erect,  whereas 
it  was  no  longer  visible  in  a  standing  position. 

Blood  pressure  was  80/55,  quite  normal  for  her  age,  in  contrast  to  102/40  and 
115/65  when  she  was  2  years  younger,  prior  to  removal  of  the  adrenal  tumor.  There 
was  no  evidence  of  metastases,  and  retrograde  pyelography  showed  normal  appearing 
kidneys  on  both  sides  (fig.  4B;  cf.  fig.  4 A  prior  to  operation).  The  normal  position 
of  the  left  kidney  is  in  striking  contrast  to  the  depression  prior  to  operation.  Roent' 
genograms  of  the  chest  showed  no  evidence  of  metastases. 

Examination  of  the  urine,  and  blood  count  and  differential  were  normal.  The  fob 
lowing  blood  chemistry  determinations  were  made:  a),  ascorbic  acid,  1.01  mg.  per 
cent  (slightly  high);  b),  sugar,  93.4  mg.  per  cent;  c),  whole  blood  chlorides,  304.2 
mg.  per  cent  (as  NaCl),  (sUghtly  low?);  d),  plasma  cholesterol,  161.3  mg.  per  cent, 
(slightly  low). 

Roentgenograms  of  the  wrist  and  hip  showed  a  bone-age  of  5  years;  the  trapezoid 
which  appears  at  6  years  of  age  is  visible;  the  distal  epiphysis  of  the  ulna,  which 
appears  at  the  same  age,  is  not  visible.  Assuming  then  that  her  osseous  status  was 
somewhere  between  5  and  6  years  of  age,  one  may  assume  that  the  tendency  to  pre¬ 
cocity  had  waned  since  her  bone-age  was  practically  5  years  17  months  before. 
None  of  her  deciduous  teeth  had  fallen  out,  nor  was  there  any  evidence  of  impend¬ 
ing  eruption  of  the  permanent  teeth. 

Her  general  condition  was  excellent;  she  was  alert,  talkative,  playful,  and  her 
intelligence  and  behaviour  were  regarded  as  normal  for  a  girl  of  her  age  (4  years  and 
one  month). 

Summing  up  her  condition  2  years  after  removal  of  a  carcinomatous  adrenal  corti¬ 
cal  tumor,  it  may  be  said  that  there  was  definite  improvement  from  an  endocrine 
standpoint  as  evidenced  by  complete  dropping  out  of  pubic  hair,  diminution  in  the 
size  of  the  chtoris  and  in  slowing  up  of  growth  and  osseous  precocity.  In  view  of  her 
good  health  and  absence  of  metastases,  as  far  as  could  be  demonstrated  clinically, 
and  the  now  normal  position  of  the  left  kidney,  it  seems  reasonable  to  hope  that  the 
malignant  tumor  was  removed  in  time  to  save  the  child’s  life. 

DISCUSSION 

The  authors  undertook  a  painstaking  review  of  the  literature  for  the 
purpose  of  collecting  all  data  reported  concerning  pseudosexual  precocity 
in  girls  in  which  an  adrenal  lesion  had  been  verified  as  the  causative  factor. 
The  more  important  findings  have  been  classified  in  table  i.  After  careful 
scrutiny,  40  cases  were  considered  proved  instances  of  the  syndrome.  This 
is  essentially  a  preadolescent  endocrine  disturbance.  It  is  to  be  distinguished 
from  the  adult  syndrome  of  Jmasculinizing  virilism  which  may  commence 
shortly  after  normal  maturity.  Our  table  could  be  enlarged  considerably  if 
we  were  to  include  girls  in  the  later  teens  who,  following  a  normal  menarche, 
developed  hirsutism,  amenorrhea  and  enlargement  of  the  clitoris. 
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Table  i.  Verified  Cases  of  Adrenal  Cortical  Syndrome  in  Preadolescent  Girls 


Age 

Secondary  tex  characteri 

No. 

Age 

of 

Clitoru 

Mensea 

1  Hirsutiea  | 

Voice 

changes 

year 

yt- 

toms 

yr* 

External 

Internal 

Pubic 

Beard 

Axil¬ 

lary 

Gener¬ 

alized 

Mammae 

Group  I  A.  Succcm/uI  OperAtiom. 


t 

Collett 

1914 

iH 

to 

Penis-like, 
i.y  cm., 
with  pre¬ 
puce,  glans 
and  corona 

Labia  and 

mons  +; 

normal 

female 

urethra, 

normal 

vagina 

Uterus 

3-4  cm. 

Xi  cm. 

None 

+ 

Female 

type 

None 

+  on 
trunk 
and  ex¬ 
tremi¬ 
ties 

Cords 
as  in 
adult 
male 

a 

Fordyceand 

Evans 

1919 

a 

3»lXi.3 

cm. 

Large 

labia 

None 

11  to 

18  long 
hairs 

Slight, 

downy 

None 

3 

Harris  and 
Plcwcs 

1930 

ih 

iHincb 

length 

None 

+ 

Deep 

and 

husky 

4 

Broster, 

Hill,  Gard¬ 
iner  and 
GreenSeld 
I93» 

aa 

14 

Large; 

glans 

penis-like 

Small 

labia 

Infantile 

uterus 

and 

cervix; 

cystic 

ovaries 

Had 

never 

menstru* 

ated 

+ 

Mascu¬ 

line 

+ 

and 

mus¬ 

tache 

Abd. 

and 

limbs 

None 

Rough 

5 

Broster  and 
Vines 

1933 

15 

11 

Large,  i 
inch  long, 
thick  as 
pencil 

Very 

small 

labia, 

6at  mons 
veneris 

Tiny,  in* 
fantile 
uterus. 
70varies 

Primary 

amenor* 

rhea 

+ 

+ 

+ 

Mark' 

ed 

hirsu* 

tism 

Under¬ 

devel¬ 

oped 

Low- 

pitched, 

deep 

and 

rough 

6 

Walters, 
Wilder,  and 
Kepler 

1934 

9 

4 

Enlarged 

Abnor- 
malitv 
noted  at 

5  years 

Men- 
arcbe 
at  8 
years; 
every  1 
months 

At  5 
years 

+ 

Body  at 
4  years 

En* 

larged 

Deep 

7 

Young 

1936 

4 

Birth 
or  in¬ 
fancy 

‘Hypospadic 

phallus' 

S.5  cm. 

No  vagiiu 
external¬ 
ly;  it 
opened 
into  the 
urethra 

Normal; 
examined 
by  lapa¬ 
rotomy; 
no  testis 

None 

None 

None 

None 

None 

None 

8 

Young 

1936 

x6 

Greatly 

bvpertro' 

phied; 

3  cm. 

Vagina 

opened 

into 

urethra 

Imma* 

ture 

ovaries 

None 

+ 

None 

Deep 

9 

Young 

1936 

la 

+ 

Vagina 

opened 

into 

urethra 

Could 
not  be 
made 
out 

None 

None 

10 

Reilly, 

Lisser  and 
Hinman 

iH 

I  inch; 

cowl 

prepuce 

Labia 

minorae 

were 

large 

Normal 

None 

+  at 
aa  mo. 

None 

None 

None 

None 

Deep 

Group  iB.  5uccesi/ul  RemovoU  of  Aberrant  Adrenal  Tumors. 


X 

Riche 

1907 

4 

iH 

Enlarged 

labia 

minora 

and 

vagina 

Memor- 
rbagia 
and  met¬ 
rorrhag¬ 
ia  for 
several 
months 

+ 

En¬ 

larged 

a 

Gaudier 

1908 

4 

Labia 
minora 
enlarged 
and  pig¬ 
mented 

Meno* 

and 

metror' 
rhagia 
for  3 
months 

+ 

Well 

devel¬ 

oped 

3 

Downes  and 
Knox 

1914 

3H 

Vulvae 

of 

puberty 

None 

+ 
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Read  across  from  page  98 


Facies, 

Tumor 

Photographs 

Miscellaneous 

emodoful  statui 

Size  and 
shape 

Weight 

gm. 

Cytology 

Patient 

Tumor 

Croup  lA.  Successful  OperatUms. 

?  Slightly  precocious 

3.irX».5Xa.a  cm. 
Irregular  and  knotty 

10 

‘Suprarenal  cortical 
tissue* 

Yes 

Macro. 

and 

micro. 

2  yr.  p.o.  the  patient  was  well,  lively 
and  intelligent,  voice  still  deep,  less  fit, 
only  a  few  pubic  hairs  remained  and 
most  all  body  hair  had  disappeared. 
Left  adrenal  tumor. 

Could  talk  but  not 
responsive;  dis' 

played  temper 

14X11  cm.  Oval, 
encapsulated.  Left 
adrenal 

1500 

Typical  suprarenal 
cortex 

Yes 

Yes 

Soon  after  removal  of  tumor,  pt.  was 
more  baby.like,  less  shy,  talked  more, 
played  with  toys.  7  mo.  p.o.  there  was 
less  pubic  hair,  clitoris  smaller,  (1.5X1 
cm.),  no  beard. 

Seemed  older  than 
her  years 

!  12  x6.5  cm.  Encap' 
sulated.  Left  side 

■ 

‘Cells  resemble  adre- 
nal* 

No 

No 

to  mo.  p.o.  voice  had  improved 
slightly  pubic  hair  and  clitoris  un' 
changed.  Tumor  palpable  under  left 
costal  margin  before  operation. 

7  ?X7-5  cm.  Left 
side 

1 

Hypertrophy  of 
deeper  layers  with 
much  pigment 

Yes 

No 

Slight  change  in  hirsutism  and  slight 
development  of  mammae  p.o.;  other* 
wise  no  changes  4  yr.  p.o.  Left  adte. 
nalectomy. 

Feminine  attitude 
but  masculine  con* 
tours,  muscular 

17 

Hyperplasia  adrenal 
cortex,  esp.  zona  re* 
ticularis 

No 

No 

Very  slight  changes  at  6  yr.  p.o. 
Removal  of  left  adrenal. 

Shutmed  girls; 
stayed  at  home; 
good  student;  in  yth 
grade;  looked  older 

6X4X»  cm. 

Encapsulated  caret' 
noma  of  left  adrenal 
cortex 

Yes 

No 

Loss  of  weight  and  shedding  of  some 
hair  3  wk.  p.o.  Skin  became  smoother, 
voice  higher,  genitals  and  breasts 
smaller;  associated  with  other  chil' 
dren;  hair  lighter  and  smoother;  no 
menses  p.o.,  B.P.  98/61,  B.M.R. — 9%: 
clitoris  smaller. 

Bilateral  hyperplasia 
of  zona  fasciculata 
and  reticulata  with 
increased  pigment  in 
cytoplasm 

Yes 

No 

i 

Pseudohermaphroditism  from  birth; 
included  bei^use  it  dememstrates  a 
successful  res^ti(xi  of  adrenal  tissue. 

Apparently  had 
male  psyche 

Bilateral  hyperplasia 

Yes 

No 

Similar  to  previous  case  of  pseudo, 
hermaphroditism.  Breasts  developed 
and  b^d  became  less  stubby  6  mo. 
p.o. 

Bilateral  hyperplasia 

No 

Sister  to  case  S. 

Acted  like  a  boy. 
l.Q.  normal 

That  of  an  apple. 
Irregular  and  n^U' 
lar.  Encapsulated 

Carcinoma  of  zona 
fasciculata 

Yes 

Macros 

and 

micro' 

1  yr.  p.o.  patient  was  well.  Pubic  hair 
had  gone,  clitoris  was  smaller,  femi' 
nine  psyche.  Accelerated  growth  con. 
tinued  tor  6  months  p.o. 

Group  iB.  Successful  Removoli  of  Aberrant  Adrnuil  Tumort. 


7X5  cm.  Encapsu' 
bted 

Adenoma  of  adrenal 
cortex  (zona  fasdeu' 
lata  cells) 

Menstruation  and  enlarged  mammae 
associated  with  z.  fasciculata  adenoma. 
Aberrant  cell  rest  attached  to  the 
ovary. 

7X5X5  cm. 

■ 

?  zona  fasciculata  cells 

No 

No 

Hypertrophy  of  accessory  suprarenl 
rest  in  otherwise  normal  ovarian 
parenchyma. 

Recent  masturba' 
tko 

laXnXti  cm. 
Encapsulated 

■ 

Zona  fasciculata 

No 

No 

Measles  occurred  on  £rst  day  p.o. 
Masturbation  and  pubic  hair  disap. 
peared  temporarily  but  reappear^ 
lii  yr.  p.o. 
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Age 

1  Secondary  tex  characters 

No. 

Author  and 

Age 

of 

Clitoris 

1  Hirsuties  | 

Mam' 

mae 

Voice 

changes 

yr- 

toms 

yr. 

External 

Internal 

Pubic 

Beard 

Axil¬ 

lary 

Gener¬ 

alized 

Group  iC.  Reported  Succett/ull^i  Treated  by  Irradiation  of  Adrenals  (All  Dubioui). 


1 

Bertoletti 
(mentioned 
by  Le8n6 

1  et  al,  ii) 

*young 

girl’ 

1 

None 

+ 

+ 

+ 

3 

Lean^, 
Dreyfuss, 
and  Li^re 
1930 

10 

7 

None 

noted 

Bloody 

vaginal 

dis' 

charge 

at  9 

years 

+  at 

9; 

masc. 

+ 

?+ 

+ 

3 

Apert  and 
Dubost 

193a 

13H 

1 

At  IIH 
yrs.  for 

only; 
amenor¬ 
rhea 
for  8 
months 

Nor¬ 

mal 

None 

Nor¬ 

mal 

None 

Large 

and 

pendu¬ 

lous 

Croup  2.  Died  Postoperatively. 


1 

Dobbertin 

1900 

iH 

Birth 

+ 

+ 

+ 

+ 

■, 

3 

French 

1911 

7 

IH 

Enlarged 

Enlarged 

+ 

u 

»,  ; 

V  : 

3 

Jump, 

Beates  and 
Babcock 

1914 

7 

1 

Question¬ 
ably 
started 
at  7  yr.; 
iXiHin- 

hypospa- 

diac 

Thick. 

large 

labia 

Normal, 

infantile 

uterus, 

ovaries 

and 

tubes 

None 

+ 

+ 

+ 

Male 

type 

Deep 
voice  V 
larynx 
of  adult 
male 

i  ; 

I  1 

4 

Van  der 
Bergh 

1913 

3 

‘Very  big* 

Large 

labia 

Nothing 

abnormal 

felt 

None 

+ 

4  cm. 
long 

None 

7 

Schiff 

1918 

2 

I 

+ 

+ 

None 

+ 

None 

i  . 

:■  i 

i 

6 

Mathias 

1922 

18 

3 

Like  penis 

Infantile 

vagina 

+ 

male 

+ 

+ 

None 

Strang 
muscu¬ 
lature; 
deep 
voice  V 
male 
larynx 

7 

Kennedy 

and 

Lester 

1917 

13H 

13 

Slightly 

large 

Large 

labia 

Infantile 

uterus 

and 

ovaries 

None 

+ 

female 

type 

+ 

Shoul' 

ders 

and 

back 

8 

Ruitinga 

19x8 

4H 

Large,  like 
hypospadias 

Markedly 

enlarged 

Small 

uterus 

None 

+ 

+ 

+ 

None 

Deep- 

pitched 

9 

Van  den 
Bogert 

1933 

2 

H 

to  2 
yr- 

Enlarged 

Large 

labia 

Normal 

+ 

+ 

10 

Pitroeffy- 

Szabo 

1933 

3H 

Normal 

+ 

+ 

Voice 
deep¬ 
ened  at 

»Hyi- 
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Faciei, 
mental  and 
emotional  itatvu 

Tumor 

Photographs 

Miscellaneous 

Size  and 
shape 

1  Weight 
gm. 

Cytology 

Patient 

Tumor 

Group  iC.  Reported  SucceufuUy  Treated  by  Irradiation  of  Adrenale  (All  Dubious). 

Said  to  have  had  a  right  adrenal  hyper¬ 
plasia.  Abnormal  hair  fell  out  after 
roentgen  therapy  to  adrenals. 

Looked  much  older 
thw  actual  age, 
*overintelIigent* 

Yei 

No 

Hypertrichosis  receded  after  irradia* 
tion.  No  tumor  felt. 

Tumor  suspected 
by  X'tay,  pyelog' 
raphy.  Ptosis  right 
kidney 

No 

No 

4  mo.  after  therapy,  breasts  became 
normal  in  size,  skin  striae  and  discol' 
orati(xi  left,  no  ptosis  of  kidney  by 
z^'ray;  menses  disappeared. 

Group  2.  Died  Postoperatively. 


Hypernephroma 
wi^  giant  cells 

No 

No 

Left  kidney  and  adrenal  removed  at 
14  mo.  One  metastasis  behind  step 
num. 

Round,  oval  spindle 
cells;  round  oval  nu¬ 
clei;  occas.  vacuoles 
in  cytoplasm.  Like 
perithelioma. 

Yes 

No 

Probably  of  z.  fasciculata  origin.  Left 
adrenal  tumor;  metastases  in  lungs. 

*Surprising  mental 
ity.*  Great  muscular 
strength 

No 

No 

Right  adrenal  tumor.  Died  at  opera* 
tion.  Left  adrenal  normal. 

Appeared  older; 
very  _  intelligent; 
child's  speech  was 
precocious;  tali  and 
heavy  for  age 

aaXi6Xi3  cm. 
Size  of  child's  head 

aooo 

Hypernephroma, 
carcintxna  cells 

No 

No 

Large  left  adrenal  tumor.  Died  within 
24  hours  p.o.  Thymus  small. 

■Quiet,  earnest,  in- 
tellignt  beyond  her 
years' 

16X11X6  cm. 

■ 

*A  typical  mali^ant 
hypemephrcMna 

No 

No 

Right  adrenal  tumor  palpated.  Oper¬ 
ated.  Died.  Left  adrenal  normal. 
Ovaries  normal. 

(^d  facies 

11  cm.  in  diameter 

1 

Tumor  of  adrenal 
cortex 

No 

No 

Note  the  ry-f-  yr.  duration  of  this 
tumor.  Operation  at  18.  Right  adrenal 
tumor.  Progeria  of  ovaries. 

Appeared  older  in 
facies. 

S.yXyXi.y  in. 

1700 

Cortex;  z.  fasciculata 
probably 

Yes 

Yes 

Limbs  as  in  Cushing's  syndrome.  Left 
adrenal  tumor.  Died  10  hr.  p.o.  Changes 
in  right  adrenal. 

Large  for  age ;  looked 
7  to  8  yrs.  old; 
very  muscular;  not 
fat.  Ossification  of 

Small  cocoanut 

■ 

Carcinoma  left  ad« 
renal  cortex 

Yes 

■ 

Died  after  operation,  without  ap* 
parent  cause.  No  autopsy. 

II  yr. 


9X6X7  cm. 


Noniul.  Patient 
looked  older  in  fa¬ 
ciei 


80 


Right  adrenal  corti* 
cal  carcinoma;  necro* 
sis  and  hemorrhage 

Yes 

No 

*Two  related  children  were  possibly 
precocious.*  *Large  heart  shadow.*  Died 
36  hours  p.o.  No  autopsy. 

Yes 

No 

Died  3  days  p.o.  Right  adrenal  tumor. 

17X13X6  cm. 
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Factea, 

Tumor 

Photographs 

Miscellaneous 

emotional  status 

Size  and 
shape 

Weight 

gm. 

Cytology 

Patient 

Tumor 

Group  3.  Verified  Explorotor^r  Operotion;  Nothing  Removed. 


Looked  like  elderly 
woman 

An  ‘hypernephroma’ 

No 

No 

Acne  of  face;  ascites;  large  right 
adrenal  tumor;  exploratory  laparot' 
omy,  inoperable;  autopsy  9  mo.  later. 

Coarse  features; 
muscular 

No 

No 

Probably  adrenal  hyperplasia;  left 
adrenal  felt  slightly  enlarged.  B.P. 
113/70.  Exploratory  laparotomy. 

Group  4.  Verified  at  Autopsy.  \o  Treatment  Attempted. 


I 


Adipose 

y  X6  cm.  Adenoma, 

Not  described 

No 

No 

rt. 

■ 

Earliest  reported  case.  Rolleston 
states  that  report  is  dated  i8ti.  Large 
right  sided  necrotic  tumor. 


Large  tumor  left  suprarenal. 


Tumor  left  suprarenal;  metastases  to 
liver. 


Skin  had  gipsy  coppery  hue.  Photo  of 
freenand  drawing  in  Rolleston 's  book, 
P-  jSy  (1936). 


Cells  described  in  autopsy  might  well 
have  been  from  z.  fasciculata.  (Present 
authors'  concept.)  Rt.  adrenal  not 
found.  Metastases  in  lungs. 


Rolleston  insists  this  to  be  same  case 
reported  by  Ogle  in  t86y. 


Malignant  tumor  right  suprarenal; 
metastases  to  liver  and  lungs. 


Probably  of  z.  fasciculata. 


Case  conforms  more  stricly  to  the 
syndrome  of  virilism  of  adult  women. 
Tumor  left  suprarenal. 


Acne  at  3  yr.  Right'sided  adrenal 
tumor.  Left  suprarenal  normal. 


Malignant  tumor  right  adrenal  cortex; 
metastases  to  liver  and  lungs. 


Thymus  very  small;  other  endocrine 
glands  nom^.  Two  metastases  in 
lung. 


Glycosuria.  Hypoplasia  left  adrenaL 
Metastasis  to  sternum. 


Adipose 


Suprarenal  tumor  at  autopsy. 
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Age 

OQ«et 

Genitalia 

Author  and 

Age 

of 

yr. 

syiup' 

tODU 

yr. 

External 

Internal 

1  Secondary  lex  character! 

Menee* 

1  Hirsuties  | 

Mam' 

mae 

Voice 

changes 

Pubic 

Beard 

Axil' 

lary 

Gcncf' 

alized 

Birrell 

I93» 

1 

1 

Maiiedly 

enlarged 

Labia 

enlarged 

■ 

None 

+ 

Coarse 

and 

dark 

■ 

■ 

Body 

and 

limbs 

None 

Little 

I9J6 

■ 

iXi  cm. 

Enlarged 

Normal 

iized 

uterua 

None 

+ 

at  4H 
years 

+ 

at  4^ 
years 

+ 

at  4H 
years 

Male 

type 

Deep 

male 

voice 

Group  j.  CImicol  Diagnoses  not  Verified  by  Operation  or  Aucopijr. 


Richards 
?  year 

7 

+ 

7yr. 

+ 

7yr. 

■ 

■ 

B 

Mathias 

iQia 

3 

Normal 

+ 

+ 

1 

■ 

i 

Kranzfield 

1933 

16 

1 

+ 

size  ofa  penis 
amputated 
at  6  yr. 

Menar' 
che  at 

12 

+ 

aty 

yr. 

■ 

1 

+ 

at  y 

yr- 

■ 

This  table  of  40  cases  has  been  divided  into  4  groups,  group  i  having  2 
subdivisions.  Group  i,  division  A,  comprises  10  cases  in  which  operation 
was  performed  successfully.  In  7  of  these,  an  adrenal  tumor  composed  of 
cortical  tissue  was  removed;  in  the  remaining  3  (the  cases  of  Hugh  Young,  7), 
partial  suprarenalectomy  was  performed  for  bilateral  hyperplasia  of  the 
adrenal  cortex.  Group  i,  division  B,  comprises  3  cases  of  aberrantly  situated 
adrenal  cortical  tumors  which  were  successfully  removed.  In  each  of  these 
the  tumor  was  in  the  pelvis,  either  attached  to  or  imbedded  in  an  ovary. 

Group  2  consists  of  10  cases  in  which  a  tumor  of  the  adrenal  cortex 
was  removed,  the  patients  dying  either  during  operation  or  within  3  days 
thereafter. 

Group  3  comprises  2  cases  in  which  exploratory  laparotomy  was  per' 
formed.  In  one  of  these  (26)  a  large  tumor  of  the  right  adrenal  body  was 
considered  inoperable;  autopsy  was  performed  9  months  later.  In  the  other 
case  (27)  no  tumor  was  found,  suprarenal  hyperplasia  was  suspected  but 
no  tissue  was  removed.  There  can  scarcely  be  a  question  of  the  diagnosis  in 
this  case;  all  the  conspicuous  clinical  characteristics  of  the  syndrome  were 
present. 

Group  4  includes  15  cases  in  which  no  operation  was  performed,  but  in 
which  a  tumor  of  the  adrenal  cortex  was  found  at  autopsy. 

The  earliest  reports  of  successful  operations  are  those  of  Riche  (8),  1907, 
and  Gaudier  (9),  1908.  In  both  instances  the  adrenal  tumors  were  aberrantly 
located  in,  or  close  to,  an  ovary.  The  first  instance  of  successful  surgery  for 
a  tumor  of  a  normally  situated  adrenal  gland  is  that  of  Collett  (i)  in  1924. 
It  must  be  understood  that  these  priorities  refer  strictly  to  operations  in 
young  girls.  The  first  instance  of  successful  removal  of  such  a  tumor  in  a  boy 
was  reported  in  1933  (Lisser),  in  the  adult  woman  in  1924  (Holmes),  and  in 
the  adult  male  in  1930  (HoU). 
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Facies, 
mental  and 

Tumor  | 

Photographs  j 

Miscellaneous 

emotional  status 

Size  and 
shape 

Weight 

gm. 

Cytology 

Patient 

Tumor 

Grew  rapidly.  Fat, 
liitleM,  silent.  Six 
in.  above  average 
height.  Bloated. 

Acne. 

Z.  fasciculata 

■ 

■ 

Left  suprarenal  carcinoma;  metastases 
to  liver.  B.P.  135/80.  Right  suprarenal 
normal. 

Habitus  of  an  adult 

17X13X6  cm.  En' 
capsuUted 

Z.  fasciculata  malig' 
nancy 

Yes 

No 

B.P.  tao/80.  Moderate  osteoporosis. 
Left  adrenal  tumor  with  metastases  to 
liver  and  lungs. 

Group  5.  Clinical  Ciagnosis  not  Verified  by  Operation  or  Autopsy. 


Looked  like  a  io* 
year<old  man 

Had  abd.  ascites  and  a  large  liver. 
Tumor  felt  in  left  hypochondhum. 

Appeared  much 
older 

Called  pseudohermaphroditism.  Con¬ 
cerns  a  case  of  Herzog  and  Halban. 
Question  of  right  adrenal  tumor. 

Even  from  the  cursory  data  it  appears 
that  this  is  an  authentic  case.  Question 
of  calcified  mass  in  l.u.q. 

The  first  verified  case  of  pseudosexual  precocity  in  a  little  girl,  caused 
by  an  adrenal  tumor,  seems  to  be  the  autopsy  report  by  William  Cooke  (28) 
in  1756,  although  Rolleston  (31)  claims  that  the  reference  cannot  be  verified, 
but  that  an  author  of  the  same  name  reported  such  a  case  in  1811.  If  this 
is  so,  the  earliest  reports  should  be  credited  to  Bevern  and  Romkild  (29)  in 
1802  and  Tilesius  (30)  in  1803.  We  have  been  unable  to  consult  these  refer¬ 
ences. 

The  youngest  patient  was  a  girl  whose  case  was  reported  by  Dobbertin 
(15);  she  died  after  operation  at  the  age  of  14  months.  Pubic  hair  and  general¬ 
ized  hirsutism  had  been  present  since  birth.  The  oldest  patient  (4)  was  22 
years  old,  but  the  first  symptoms  had  been  noted  at  14  years.  She  had  never 
menstruated. 

Usually  the  appearance  of  pubic  hair  and  enlargement  of  the  clitoris 
were  noticed  at  about  3  to  5  years  of  age,  occasionally  during  the  first  year 
of  life.  There  are  a  few  instances  in  which  the  clinical  picture  had  existed 
for  a  number  of  years  before  the  patient  came  under  the  observation  of  the 
physician  who  reported  the  case. 

The  chances  of  surviving  operation  do  not  seem  to  be  related  to  the 
length  of  time  which  has  intervened  between  the  onset  of  symptoms  and  the 
decision  to  operate.  The  syndrome  may  have  existed  for  many  years  without 
endangering  the  life  of  the  patient  if  the  lesion  is  benign.  Obviously,  if  the 
tumor  is  malignant,  early  operation  is  important.  Malignancy,  however, 
cannot  be  predicted  prior  to  operation  unless  metastases  can  be  demon¬ 
strated.  Even  a  malignant  tumor  of  the  adrenal  cortex  may  be  successfully 
removed  because  of  the  fibrous  capsule  surrounding  it,  provided  metastases 
have  not  yet  occurred.  This  encapsulation  is  a  fairly  constant  feature  of  these 
tumors. 
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We  consider  enlargement  of  the  clitoris  a  very  important,  almost  a 
pathognomonic,  diagnostic  sign.  We  wish  to  emphasize  again  the  pseudo' 
sexual  precocity  with  partial  masculinization  which  characterizes  this  syn^ 
drome,  in  contrast  to  the  true  sexual  precocity  with  feminine  maturity  pro- 
duced  by  granulosa  cell  tumors  of  the  ovary  in  early  childhood.  In  the  latter, 
enlargement  of  the  clitoris  is  absent.  No  mention  is  made  of  the  clitoris  in  12 
patients  in  this  series  of  40  positive  instances  of  this  syndrome.  Six  of  these 
omissions  occurred  in  group  4,  the  cases  in  which  autopsy  was  performed. 
Five  of  them  are  from  the  older  literature,  and  we  were  unable  to  consult 
the  original  articles.  Possibly  an  enlarged  clitoris  was  present  in  some  of 
these.  In  the  3  cases  of  aberrant  adrenal  tumor  (group  iB),  no  mention  was 
made  of  the  clitoris.  It  would  seem  unlikely  that  an  aberrant  location  should 
influence  this  factor.  In  only  one  case  (38)  was  it  stated  definitely  that  the 
clitoris  was  not  enlarged.  In  27  cases,  specific  attention  was  directed  to 
enlargement  of  the  clitoris.  Sometimes  it  protruded  from  the  vulva;  fre' 
quently  it  was  described  as  resembling  a  small  penis;  a  glans  and  retractable 
prepuce  are  occasionally  noticeable  in  some  of  the  photographs;  hypospadias 
of  the  clitoris  was  found  twice. 

In  the  majority  of  reported  cases,  the  external  genitalia,  referring  es' 
pecially  to  the  labia,  were  described  as  enlarged.  In  contrast,  attention 
should  be  directed  to  the  absence  of  precocious  development  of  the  internal 
genitalia.  The  uterus  and  ovaries,  when  mentioned,  were  most  frequently 
described  as  either  normal  for  the  age  or  actually  small. 

The  absence  of  early  menstruation  is  an  important  negative  characterise 
tic  of  this  syndrome.  In  27  of  the  reports  of  the  verified  cases,  the  occurrence 
or  absence  of  menstruation  was  specifically  mentioned;  we  think  it  reason' 
able  to  assume  that,  in  the  remaining  13  cases,  the  striking  phenomenon  of 
early  menstruation  would  have  been  noted  had  it  occurred.  In  4  instances 
(out  of  40)  menstruation  or  vaginal  bleeding  occurred.  Walters,  Wilder  and 
Kepler  (6)  recorded  a  case  in  which  menstruation  began  at  the  age  of  8  years; 
Bulloch  and  Sequeira  (37),  one  in  which  menstruation  began  when  the  pa' 
tient  was  10  years  old.  In  2  of  the  3  cases  of  aberrant  adrenal  tumor  actual 
menorrhagia  and  metrorrhagia  began  at  the  age  of  3  years  and  9  months 
(Riche’s  case,  8)  and  4  years  (Gaudier’s  case,  9)  respectively.  Early  onset  of 
menstruation  in  patients  with  tumor  of  the  adrenal  cortex  is  exceptional, 
which  constitutes  another  salient  point  in  the  diflferentiation  of  this  syn' 
drome  from  the  true  sexual  precocity  produced  by  ovarian  granulosa  cell 
tumors.  In  the  latter  the  menarche  occurs,  almost  invariably,  in  the  first 
few  years  of  life. 

Hirsutism  is  an  important  characteristic  of  this  syndrome,  but  not 
unique,  since  it  also  occurs  in  connection  with  ovarian  tumors.  In  the  latter, 
however,  the  precocious  appearance  of  hair  is  confined  usually  to  the  pubis 
and  axillae,  whereas  in  adrenal  tumors  there  is  an  abnormal  growth  of  hair 
also  on  the  face,  trunk  and  extremities.  Pubic  hair  was  present  in  37  of  the  40 
verified  cases.  In  20  cases  there  was  some  growth  of  hair  on  the  lips,  cheeks 
or  chin.  The  girl  4^  years  old,  whose  case  was  reported  by  Orth  (35),  had 
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been  shaving  for  6  months.  In  4  cases  only  was  there  mention  of  axillary 
hair.  Seventeen  of  the  patients  exhibited  a  generalized  hirsutism. 

Precocious  mammary  development  was  referred  to  5  times.  This  infre- 
quency  is  again  strikingly  different  from  the  precocious  development  of  the 
breasts  characterizing  the  true  sexual  maturity  produced  by  granulosa  cell 
tumors  of  the  ovary.  In  other  words,  mammae  constitute  a  feminine  attrib' 
ute,  whereas  these  adrenal  tumors  tend  to  masculinize  the  female  child. 

About  one-third  of  the  girls  (13)  were  noted  as  having  deep-pitched 
voices.  Possibly  some  of  the  authors  neglected  to  note  this  masculine  timbre. 
In  a  few  instances,  the  larynx  and  vocal  chords  were  examined  and  found 
to  be  of  male  configuration. 

Many  of  the  patients  were  described  as  looking  much  older  than  their 
chronological  ages  justified.  No  doubt  this  impression  was  created  partly 
by  their  height  and  hirsutism,  but  specific  mention  was  made  of  older  ap¬ 
pearing  facies.  In  some  a  boyish  appearance,  demeanor  and  behaviour  at¬ 
tracted  attention.  Ogle  (32)  stated  that  his  patient,  3  years  old,  used  ‘lan¬ 
guage  that  of  a  fishwife.’  There  is  an  occasional  reference  to  unusual  strength 
and  muscular  development  (the  Herculean  infant).  As  a  rule,  however,  a 
patient’s  intelligence  corresponded  to  her  actual  age.  Occasionally,  such 
descriptive  terms  are  used  as  ‘dull  and  listless’;  and,  rarely,  such  phrases  as 
‘good  student,’  ‘overintelligent,’  ‘child’s  speech  was  precocious,’  ‘earnest, 
intelligent  beyond  her  years.’  The  unusual  strength  and  muscular  develop¬ 
ment  is  in  harmony  with  the  masculinizing  propensities  of  this  malady,  but 
a  careful  perusal  of  the  case  reports  sheds  doubt  on  any  marked  degree  of 
mental  advancement. 

Obesity  is  by  no  means  an  essential  characteristic  of  the  syndrome.  A  fair 
number,  less  than  half,  were  overweight.  When  obesity  occurred,  it  was 
more  often  distributed  in  ‘buffalo’  fashion,  sparing  the  lower  limbs.  Striae, 
so  characteristic  of  Cushing’s  disease,  occurred  but  rarely.  Likewise,  a 
plethoric  countenance  was  exceptional.  Abnormal  pigmentation  was  seldom 
reported,  and  the  same  infrequency  obtained  for  acne. 

In  about  20  per  cent  of  the  cases  the  systolic  blood  pressure  was  ab¬ 
normally  high  for  the  patient’s  age;  for  example,  our  patient,  not  quite  2 
years  old,  had  a  blood  pressure  var5dng  from  102  to  115  systolic  and  40  to 
65  diastolic.  The  highest  blood  pressure  reading  was  reported  by  Van  den 
Bogert  (23)  in  a  girl  2  years  old — 160  systolic  and  no  diastolic.  She  died  36 
hours  after  operation;  autopsy  was  not  permitted. 

These  patients,  ordinarily,  are  tall  for  their  age.  The  early  appearance 
of  sexual  characteristics  hastens  ossification  and  epiphyseal  closure,  and,  as  a 
result,  these  children  do  not  become  giants,  but,  on  the  contrary,  are  hkely 
to  cease  growing  prematurely  and  be  relatively  short  in  maturity.  They 
undergo  a  transitory  gigantism,  as  it  were.  In  view  of  this,  it  is  somewhat 
surprising  that  roentgenologic  ossification  studies  to  determine  bone-age 
were  done  so  seldom.  Collett’s  (i)  patient,  years  old,  had  a  bone-age 
estimated  at  3  years;  our  patient,  aged  i  year  and  10  months,  was  considered 
to  have  a  bone  age  of  4  years;  Ruitinga’s  (22)  patient,  aged  4  years  and  9 
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months,  had  an  ossification  status  of  12  years;  and  the  patient,  9  years  old, 
described  by  Walters,  Wilder  and  Kepler  (6)  had  a  bone^age  of  12  years. 
Naturally  such  studies  of  ossification  are  not  essential  to  diagnosis  but,  ordi' 
narily,  sexual  precocity  is  assc  dated  with  osseous  precocity  and  sexual 
retardation  with  delayed  epiphyseal  closure. 

The  reports  of  laboratory  tests  have  not  been  included  in  the  table  since 
investigations  of  the  urine,  blood  (blood  count,  chemistry,  Wassermann 
test,  etc.),  and  basal  metabolism,  do  not  furnish  any  significant  diagnostic 
data.  Glucose  tolerance  tests  show  no  consistent  deviations.  Roentgeno' 
grams  of  the  skull  were  taken  in  many  instances  but  revealed  no  abnormality 
of  the  sella  turcica. 

Hormonal  studies  of  a  patient’s  blood  and  urine,  or  of  a  tumor,  are  a 
recent  development  in  endocrine  diagnosis.  In  the  future  they  may  yield 
information  of  considerable  value.  This  is  established  already  in  the  case 
of  embryonic  testicular  tumors  in  which  huge  amounts  of  prolan  are  excreted 
in  the  urine.  Granulosa  cell  tumors  of  the  ovary  have  been  found  to  contain 
large  quantities  of  female  sex  hormone  (folliculin).  In  other  words,  these 
are  true  endocrine  tumors.  Frank  (44)  reported  an  abundant  excretion  of 
folliculin  in  the  urine  of  two  adult  women  suffering  from  virilism;  in  both 
instances  a  carcinoma  of  the  adrenal  cortex  was  found.  This  finding  is  some' 
what  surprising,  in  view  of  the  masculinization  and  amenorrhea.  However, 
abnormally  high  quantities  of  male  hormone  have  been  found  also,  which 
is  more  in  harmony  with  the  clinical  picture.  Hormonal  studies  for  the  syn' 
drome  under  discussion  have  been  so  few  and  fragmentary  as  to  possess  no 
significance.  We  have  been  unable  to  find  any  report  of  tests  for  male  hor' 
mone,  although  its  presence  in  unusual  amount  would  not  be  surprising  in 
view  of  the  masculinizing  propensities  of  the  syndrome.  A  negative  Asch' 
heim'Zondek  test  was  obtained  in  our  case  and  also  in  one  reported  by 
Little  (25;). 

An  effort  to  produce  precocious  maturity  experimentally  was  made  by 
use  of  an  extract  of  the  adrenal  cortical  tumor  removed  from  our  patient. 
This  attempt  was  not  successful.  Kendall  (45)  stated  that  the  endocrine 
cortical  tumors  of  the  adrenal  body  which  produce  virilism  in  the  adult 
woman  do  not  contain  unusual  amounts  of  cortin.  The  word  ‘cortin’  is  used 
here  to  denote  the  hormone,  discovered  independently  by  Hartman,  and 
Swingle  and  Pfiffner,  which  is  indispensable  to  life  and  which  is  lacking  in 
Addison’s  disease.  Several  investigators  have  failed  to  reproduce  experi' 
mentally,  by  the  injection  of  excessive  amounts  of  cortin,  changes  compara' 
ble  to  the  syndromes  ‘genitosurrenale.’  It  would  seem  reasonable  to  conclude, 
therefore,  that  the  syndrome  under  discussion  does  not  result  from  an 
increased  output  of  this  hormone.  We  must  assume  either  the  existence 
of  another  hormone  of  the  adrenal  cortex  as  yet  unidentified,  or  a  per' 
verted  secretion,  namely  an  adrenal  cortical  dysfunction  rather  than  hyper' 
function. 

A  very  recent  announcement  (March  27, 1937)  by  Broster  and  Vines  (42) 
is  of  the  utmost  interest.  Referring  to  the  adrenal  cortical  syndrome  in  adult 
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women,  they  claim  to  have  been  successful  not  only  in  detecting  an  andro¬ 
genic  principle  in  the  urine  of  these  patients  but  also  in  isolating  a  new  bio¬ 
chemical  compound,  specific  to  virilism,  vjf  adrenal  origin.  An  important 
corollary  to  these  investigations  is  the  fact  ^at  there  is  a  diminution  in  both 
the  androgenic  principle  and  of  this  new  specific  substance  immediately  after 
unilateral  adrenalectomy  (for  bilateral  suprarenal  cortical  hyperplasia). 
Professor  Marrian  of  Toronto,  after  examining  specimens  forwarded  by 
Broster  and  Vines,  stated,  “The  ether-soluble  neutral  fractions  of  both  pre¬ 
operative  samples  of  urine  yielded  a  white  crystalline  substance  which  after 
repeated  crystalli23tion  melted  at  243-244°.  Yields  of  242  and  95  mg.  of  the 
unpurified  substance  were  obtained  from  the  concentrates  (a)  and  (c)  re¬ 
spectively.”  The  postoperative  specimen  of  urine  from  one  of  these  con¬ 
tained  only  a  trace  of  this  compound.  The  presence  of  this  new  compound 
could  not  be  demonstrated  in  a  large  number  of  specimens  of  urine  collected 
from  normal  men  and  pregnant  and  non-pregnant  women.  It  appears  to  be 
specific  to  virilism  of  adrenal  origin.  This  crystalline  compound  analyzes 
sharply  for  the  formula  C21H36O10.  It  appears  to  contain  one  tertiary  and  two 
secondary  hydroxyl  groups. 

If  this  exciting  discovery  is  confirmed,  it  will  afford  a  chemical  hormonal 
explanation  for  the  masculinizing  characteristics  of  virilism,  and  it  seems 
reasonable  to  assume  that  the  same,  or  a  very  similar  adrenal  compound,  is 
responsible  for  the  masculinizing  syndrome  in  little  girls  which  we  designate 
as  pseudosexual  precocity. 

In  this  connection,  attention  might  be  called  to  the  ‘androgenic  zone’ 
described  by  Grollman  (43);  normally  only  temporary  in  its  existence,  dis¬ 
appearing  in  the  first  few  years  of  life,  it  sometimes  persists  in  the  adult  as  a 
few  scattered  cells  (the  juxta-medullary  zone).  He  considers  this  androgenic 
tissue  to  be  anatomically  and  functionally  distinct  from  the  rest  of  the  cortex 
and  believes  it  logical  to  ascribe  to  this  tissue  the  occurrence  of  the  disorders 
of  the  reproductive  system  which  are  associated  with  tumors  of  the  adrenal 
gland.  Obviously  this  is  not  the  tissue  from  which  cortin  is  obtained. 

Having  discussed  in  detail  the  clinical  symptoms  and  signs  and  the 
laboratory  tests  which  are  helpful  in  establishing  the  diagnosis  of  pseudo¬ 
sexual  precocity  of  adrenal  origin,  the  next  consideration  is  the  problem  of 
localizing  the  lesion;  that  is  to  say  determining  which  adrenal  gland  contains 
a  tumor,  or  whether  the  condition  results  from  bilateral  suprarenal  hyper¬ 
plasia.  A  tumor  was  palpable  in  less  than  half  of  the  cases.  This  is  not  sur¬ 
prising,  since  the  adrenal  bodies  are  tucked  up  under  the  diaphragm  and  are 
retroperitoneal;  a  tumor  in  this  location  could  be  felt  only  with  difficulty 
unless  it  had  reached  a  considerable  size.  It  is  almost  impossible  to  palpate 
such  a  mass  unless  it  is  the  size  at  least  of  a  large  apple.  Interestingly  enough, 
the  majority  of  the  palpable  tumors  fall  into  group  2,  in  which  the  patients 
succumbed  shortly  after  operation.  All  3  of  the  adrenal  tumors  aberrantly 
situated  in  or  near  an  ovary  were  palpable. 

Occasionally  a  plain  film  of  the  abdomen  may  reveal  a  shadow  above  one 
kidney  which,  in  conjunction  with  the  clinical  endocrine  abnormalities. 
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Strongly  indicates  the  presence  of  an  adrenal  tumor.  More  frequently,  how- 
ever,  plain  films  yield  no  information. 

If  a  tumor  is  not  palpable  and  a  plain  film  of  the  abdomen  is  negative, 
one  should  resort  to  pyelography,  either  intravenous  or  retrograde.  An 
adrenal  tumor  of  fair  size  will  depress  the  upper  pole  of  the  corresponding 
kidney  and  rotate  the  upper  calyx  outward  and  downward  with  a  flattening 
effect.  This  finding,  in  addition  to  the  clinical  endocrinopathy,  establishes 
and  localizes  the  diagnosis  positively.  Unfortunately,  by  the  time  the  tumor 
has  reached  a  size  sufficient  to  deform  the  pyelogram,  malignant  changes 
with  metastases  may  have  occurred. 

Recently  Cahill  (41)  called  attention  to  a  procedure  described  many 
years  ago  by  Carelli  of  Buenos  Aires  (but  generally  overlooked  or  forgotten) 
which  consists  of  visualizing  the  adrenal  bodies  by  insufflation  of  air  into 
the  perirenal  fascia.  From  250  to  450  cc.  of  air  is  injected  on  each  side  through 
a  needle  (at  least  the  length  of  a  lumbar  puncture  needle)  introduced  via 
Petit’s  triangle,  inward  and  upward  in  the  direction  of  the  kidney.  By  this 
means  the  upper  pole  of  each  kidney  is  sharply  outlined  and  a  hypertrophied 
or  tumorous  adrenal  gland  can  be  demonstrated  which,  conceivably,  is  not 
yet  large  enough  to  be  felt  or  to  distort  the  pyelogram.  We  did  not  know 
of  this  procedure  at  the  time  we  examined  our  patient,  nor  was  it  necessary, 
since  the  pyelographic  findings  were  characteristic.  This  method  might 
have  visualized  the  tumor  removed  by  Walters,  Wilder  and  Kepler  (6)  in 
which  pyelography  was  negative. 

For  some  reason  we  are  unable  to  explain,  a  majority  of  the  tumors  OC' 
curred  on  the  left  side — about  65  per  cent. 

The  size  of  the  tumor  varied  from  3.5  X  2.5  X  2.2  cm.  (i)  to  22  X 16  X 12 
cm.  (18).  Descriptive  terms  were  used,  such  as  ‘apple,’  ‘goose-egg,’  ‘small 
cocoanut,’  ‘size  of  two  fists,’  ‘size  of  child’s  head,’  ‘size  of  a  kidney,’  ‘size  of  a 
man’s  head.’  The  weight  of  the  tumor  varied  from  10  gm.  (i)  to  2000  gm. 
(18)  and  from  lb.  (33)  to  3  lb.  13  oz.  (21).  The  tumors  are  usually  sur¬ 
rounded  by  a  tough  fibrous  capsule  attached  to  a  pedicle;  this  helps  materi¬ 
ally  in  surgical  removal.  The  shape  of  the  mass  may  be  irregular,  but  tends  to 
be  roughly  spherical.  On  section,  the  tumor  may  be  entirely  solid  or  partly 
cystic,  depending  on  hemorrhage  or  degeneration.  Grossly  the  section  may 
be  of  a  brownish-yellow  color. 

Of  the  40  verified  cases,  descriptions  of  the  microscopic  appearance  of 
the  tumor  were  available  in  29  instances.  Eight  of  these  were  considered 
malignant.  In  9  other  cases  in  which  we  failed  to  obtain  microscopic  data, 
malignancy  is  obvious  because  metastases  were  mentioned.  In  other  words, 
fully  half  of  the  tumors  showed  malignant  change.  Despite  the  presence  of 
malignancy,  operation  seems  to  have  been  successful  in  two  instances 
(Walters,  et  al.,  6,  and  the  authors’  case).  However,  neither  of  these  patients 
has  been  observed  long  enough  since  operation  to  exclude  the  possibility  of 
subsequent  recurrence.  Our  patient  seems  to  be  entirely  well  2  years  after 
removal  of  the  tumor.  Malignancy  cannot  be  predicted  clinically  prior  to 
operation,  unless  metastatic  nodules  can  be  felt  in  the  liver,  or  demonstrated 


January,  1939 


PSEUOaSEXUAL  PRECOCITY 


Ill 


roentgenologically  in  the  lungs  or  sternum.  These  are  the  usual  sites  of 
metastases  from  adrenal  cortical  tumors.® 

The  cytological  picture  may  be  that  of  adenoma  or  hyperplasia  of  the 
adrenal  cortex,  and  the  majority  seem  to  originate  in  the  zona  fasciculata. 
The  predominant  cell  type  is  of  large  polyhedral  shape. 

The  term  ‘hypernephroma’  is  used  frequently  in  characterizing  this 
tumor.  Although  this  designation  is  correct,  the  phrase  ‘tumor  of  the  ad' 
renal  cortex’  would  be  more  accurate  and  less  susceptible  to  misunderstand' 
ing. 

From  a  clinical  standpoint  it  seems  almost  inevitable  that  some  of  the 
other  endocrine  glands  must  be  involved  secondarily.  An  antagonistic  effect 
on  the  ovaries  is  inescapable.  Stimulation  of  the  anterior  pituitary  gland  and, 
perhaps,  the  thyroid,  is  suggested  by  the  relative  tallness  and  advanced 
ossification  of  these  patients  for  their  age.  The  autopsy  reports,  however, 
yield  very  fragmentary  and  insignificant  information  concerning  pathological 
alterations  in  the  other  members  of  the  hormonopoietic  system.  The  pitui' 
tary  body  was  said  to  be  normal  twice;  an  eosinophilic  adenoma  was  found 
once;  a  colloid  cyst  and  atrophy  were  seen  once;  cystic  hypoplasia  was 
mentioned  once.  These  findings  are  difficult  to  interpret,  especially  in  view 
of  the  intimate  functional  relationship  of  the  adenohypophysis  and  the  ad' 
renal  cortex.  No  pathologic  changes  were  found  in  the  thyroid  gland.  The 
ovaries  were  considered  normal  twice,  infantile  once,  and  the  author  de' 
scribed  them  as  ‘progeric.’  The  pineal  gland  was  enlarged  in  one  case.  Far 
more  thorough  and  elaborate  studies  of  the  ductless  glands  are  necessary  in 
future  autopsies  before  we  can  form  any  reliable  conclusions  as  to  the 
secondary  effects  of  these  tumors  of  the  adrenal  cortex. 

In  most  of  the  13  patients  successfully  operated  on,  striking  improve' 
ment  ensued  within  the  first  6  months  after  removal  of  the  tumor.  Perhaps 
the  most  consistent  correction  consists  in  the  falling  out  of  the  abnormal 
hair.  In  our  case,  the  pubic  hair  dropped  out;  in  Fordyce  and  Evans’s  (2)  the 
beard  disappeared  also;  and  in  Collett’s  (i)  case  the  generalized  hirsutism 
of  the  body  vanished.  In  some  of  the  cases  the  clitoris  returned  to  a  normal 
size  and,  in  the  9'year'old  girl  described  by  Walters,  et  al  (6),  menstruation, 
which  had  begun  at  8  years  of  age  ceased  after  removal  of  the  adrenal  tumor. 
If  the  patient  has  been  obese,  the  excessive  weight  may  be  lost  without  any 
special  procedures.  The  previously  deep  voice  may  become  higher'pitched, 
and  other  evidences  of  refeminization  may  occur,  not  only  in  appearance  but 
also  in  behaviour  and  demeanor.  Furthermore,  the  accelerated  rate  of  growth 
may  diminish  and  become  normal,  but  this  decrement  may  not  be  notice' 
able  until  fully  6  months  afterward.  If  the  tumor  is  malignant  and  is  removed 
prior  to  the  occurrence  of  metastases,  life  is  saved  in  addition  to  the  correc' 
tion  of  the  endocrine  disturbances. 

In  reviewing  the  10  cases  in  which  operation  was  unsuccessful,  one  is 

*  The  Pepper  type  of  adrenal  neuroblastoma  metastasizes  to  the  liver  and  is  accompanied  by  ab' 
dominal  swelling  and  ascites.  The  Hutchinson  type  metastasizes  to  the  skull,  especially  the  orbits.  Both 
occur  in  childho^.  They  are  not  associated  with  endocrine  manifestations. 
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somewhat  at  a  loss  to  account  for  the  death  of  these  patients.  Neither  undue 
hemorrhage  nor  difficulty  with  anesthesia  has  been  a  factor.  The  children 
have  collapsed  and  died.  One  is  tempted  to  assign  the  death  to  a  failure 
of  the  remaining  adrenal  gland,  but  in  several  instances  the  other  gland  was 
examined  subsequently  and  declared  to  be  normal,  at  least  from  a  pathological 
standpoint.  Unfortunately,  it  is  impossible  as  yet  to  test  the  functional  integri' 
ty  of  the  supposedly  sound  partner  prior  to  removal  of  the  diseased  organ.  It 
is  of  course  conceivable  that  a  ductless  gland  may  be  functionally  crippled 
without  showing  any  marked  cytological  alterations.  However  this  may  be, 
it  is  a  wise  precaution  to  have  at  hand  a  fair  amount  of  cortin.  The  injection 
of  5  or  10  cc.  of  this  hormone  2  or  3  times  a  day  during  the  first  few  days 
after  operation  may  be  a  life-saving  measure  and  prevent  collapse,  just  as, 
to  avoid  tetany,  parathyroid  hormone  usually  is  needed  for  the  first  few  days 
after  the  removal  of  a  parathyroid  tumor  causing  osteitis  fibrosa  cystica. 

From  a  technical  standpoint,  right-sided  adrenalectomy  is  more  difficult 
than  left,  because  of  the  shorter  pedicle  of  blood  vessels.  The  right  adrenal 
body  lies  very  close  to  the  inferior  vena  cava.  In  7  of  the  10  patients  success¬ 
fully  operated  on,  an  adrenal  tumor  was  removed  from  the  left  gland;  in  3 
cases  (7)  partial  bilateral  adrenalectomy  was  performed  for  bilateral  supra¬ 
renal  hyperplasia.  The  3  aberrant  adrenal  tumors  which  were  successfully 
removed  presented  a  simpler  technical  problem  (2  of  these  involved  the  left 
ovary,  and  i  the  right).  In  contrast,  it  is  interesting  to  note  that,  in  6  of  the 
10  patients  who  died  shortly  after  operation,  the  tumor  was  situated  in  the 
right  adrenal  gland.  These  fatalities,  however,  were  not  ascribed  to  loss  of 
blood. 

Of  the  20  patients  in  whom  adrenalectomy  was  attempted  for  this  syn¬ 
drome  in  little  girls,  lo  died,  a  mortality  of  50  per  cent.  Five  of  those  who 
died  were  operated  upon  between  the  years  of  1900  and  1918,  whereas  all 
10  of  the  successful  operations  occurred  after  1924.  Possibly  some  of  this 
success  is  attributable  to  improved  surgery.  However,  2  of  the  3  aberrant 
adrenal  tumors  were  removed  successfully  in  1907  and  1908  respectively. 

When  the  diagnosis  is  definite  and  the  side  for  operation  is  known,  the 
direct  retroperitoneal  approach  by  the  lumbar  incision,  in  common  use  in 
renal  surgery,  is  most  satisfactory.  Free  division  of  the  costovertebral  liga¬ 
ment  permits  easy  retraction  of  the  twelfth  rib,  resection  of  which  is  then 
unnecessary.  After  freeing  the  upper  pole  of  the  kidney,  this  organ  can  be 
pushed  down  out  of  the  way  and  the  adrenal  area  fully  exposed.  The  technic 
used  in  freeing  the  adrenal  tumor  (usually  well  encapsulated)  by  blunt  dis¬ 
section,  clamping  and  ligating  its  pedicle,  is  very  similar  to  that  followed  in 
surgery  of  the  kidney. 

When  the  side  to  be  operated  on  is  in  doubt,  or  bilateral  involvement 
is  suspected,  an  operative  procedure  which  will  permit  exposure  of  both 
adrenal  areas  at  once  is  far  superior  to  a  two-stage  operation,  whether  at  the 
same  time  or  at  different  times.  If  neither  adrenal  body  shows  a  definite 
tumor  it  may  be  advisable  to  resect  portions  of  both  glands,  and  the  extent 
to  which  the  resection  should  be  carried  is  more  accurately  determined  if 
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both  have  been  inspected  before  the  resection  of  either.  Bilateral  exposure 
through  a  midline  abdominal  incision  is  simple  and  satisfactory,  but  subset 
quent  procedures — either  partial  resection  or  total  adrenalectomy — are 
more  difficult  than  if  exposure  is  made  retroperitoneally.  For  this  reason  the 
use  of  right  and  left  lumbar  incisions  with  the  patient  flat  on  the  abdomen 
has  advantages.  This  position  was  formerly  used  for  bilateral  nephropexy  and 
was  often  preferred,  even  for  unilateral  surgery,  by  Kidd.  Recently,  it  has 
been  used  by  Young  (7)  in  3  cases  of  partial  bilateral  resection.  When  bi' 
lateral  inspection  through  these  lumbar  incisions  reveals  a  tumor  of  one 
adrenal  body  and  the  other  is  normal,  the  patient  can  be  placed  in  the  kidney' 
position  for  retroperitoneal  removal  of  the  involved  gland,  if  desired. 

If  partial  resections  are  decided  on,  either  a  longitudinal  or  a  lateral  di' 
vision  of  the  gland  can  be  chosen.  Like  the  kidneys,  the  adrenal  bodies 
have  their  veins  and  arteries  together  in  the  form  of  a  vascular  pedicle  and, 
likewise,  may  have  aberrant  vessels.  There  is  no  hilum.  The  right  adrenal 
body  is  long  and  narrow  (compressed  by  the  liver)  compared  to  the  triangular 
and  cup'shaped  left.  The  right  gland  can  be  bisected  laterally  more  easily 
than  longitudinally,  the  left  vice  versa.  Small  adenomata  may  not  be  palpable 
and  may  be  scattered  throughout  the  cortex  of  one  or  both  glands,  so  that 
partial  resections  may  miss  most  of  them.  Removal  of  half  of  the  gland  or 
more  is  more  safely  accomplished  by  lateral  than  by  longitudinal  division. 
In  the  latter  method  great  care  is  needed  in  placing  the  sutures  at  that  part 
near  the  pedicle  to  avoid  impairment  of  the  circulation  of  the  portion  which 
is  to  remain.  Mattress  sutures  control  hemorrhage  satisfactorily.  The  gland 
is  very  friable  and  it  is  well  to  place  these  sutures  along  the  line  chosen  for 
section  before  cutting  the  portion  to  be  removed  just  outside  them.  This 
prevents  any  unintentional  destruction  or  injury  of  the  portion  left  behind, 
upon  which  adrenal  sufficiency  hinges.  Neglect  of  such  precautions  might 
explain  some  of  the  surgical  fatalities. 
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THE  EFFECT  OF  ANTFGONADOTROPIC  SERA 
UPON  GONADOTROPIC  SECRETION  IN 
PARABIOTIC  RATS' 


HERBERT  S.  KUPPERMAN,  ROLAND  K.  MEYER  and  ROY  HERTZ 
From  the  Department  of  Zoology  of  the  University  of  Wisconsin 

MADISON,  WISCONSIN 

The  ability  of  anti'gonadotropic  serum,  non'specific  in  nature,  to  inhibit 
the  effect  of  the  endogenous  secretion  of  an  animal’s  pituitary  has  been 
reported  previously.  Parkes  and  Rowlands  (i)  have  shown  that  non-specific 
anti-gonadotropic  sera,  prepared  by  prolonged  injections  of  beef  pituitary, 
can  inhibit  ovulation  in  the  rabbit,  Rowlands  (2)  also  indicated  that  such 
anti-gonadotropic  serum  suppresses  ovulation  in  the  pubertal  rat  but  is  un¬ 
able  to  prevent  corpus  luteum  formation  in  the  adult  animal.  Collip  (3)  was 
able  to  make  normal  cychc  rats  acyclic  by  injections  of  anti-gonadotropic  sera 
prepared  by  prolonged  administration  of  sheep  pituitary  in  the  lamb.  Thomp¬ 
son  (4)  produced  effects  similar  to  those  of  hypophysectomy  in  the  guinea- 
pig  thyroid  by  injections  of  anti-thyrotropic  hormone. 

Meyer  and  Hertz  (5)  have  shown  that  the  ovarian  hypertrophy  which 
results  when  an  immature  female  rat  is  placed  in  parabiosis  with  a  castrated 
male  or  female  littermate,  may  be  employed  as  a  quantitative  measure  of  the 
endogenous  gonadotropic  secretion  of  the  castrate  partner’s  pituitary.  Their 
control  data  and  the  fact  that  DuShane  et  al.  (6)  were  able  to  keep  the  hypo- 
physectomized  partner  of  parabiotic  rats  in  constant  estrus  for  over  a  year 
when  paired  to  castrate  or  sterilized  partners  show  that  there  is  no  indication 
of  anti-gonadotropic  substances  being  formed  in  parabiotic  rats.  We  have 
therefore  designed  experiments  to  test  the  effect  of  non-specific  anti-gonado- 
tropic  sera  upon  the  endogenous  hypersecretion  of  the  castrate  partner’s 
pituitary  in  parabiotic  rats. 

MATERIALS  AND  METHODS 

Littermate  rats,  31  to  33  days  old,  were  placed  in  parabiosis  according 
to  the  operative  procedure  of  Bunster  and  Meyer  (7)  as  modified  by  Meyer 
and  Hertz  (5).  Eighteen  experimental  pairs  were  used  and  of  these  ii  were 
female-female  pairs  and  7  were  female-male  pairs.  In  all  cases  the  right-hand 
partner,  male  or  female,  was  gonadectomized  whereas  the  left-hand  partner, 
which  was  always  a  female,  was  kept  intact.  Daily  injections  of  0.4  cc.  of 
anti-gonadotropic  serum  were  started  within  5  hours  following  the  opera¬ 
tion  and  continued  for  10  days,  the  serum  being  administered  to  either  the 
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right  or  left  partner.  In  4  female'inale  and  8  female'female  pairs  the  castrate 
partner  received  the  serum  while  in  3  femak'male  and  4  female'female  pairs 
the  serum  was  injected  into  the  intact  rat.  In  3  control  pairs,  treated  in  the 
same  manner,  the  right'hand  partner  received  daily  doses  of  normal  rabbit 
serum.  Since  the  results  obtained  in  these  control  pairs  were  like  those  of  the 
large  series  of  untreated  control  pairs  reported  by  Hertz  and  Meyer  (8)  of 
this  laboratory,  their  control  data  are  also  used  in  the  present  study.  The 
animals  were  autopsied  24  hours  after  the  last  injection.  At  this  time  the 
ovaries  were  dissected  out  and  weighed  to  the  nearest  milligram.  Observa' 
tions  were  also  made  upon  the  condition  of  the  uterus,  vaginal  membrane, 
and  the  qualitative  response  of  the  ovary. 

The  anti'sera  used  were  obtained  from  2  adult  female  rabbits  which  had 
received  prolonged  injections  of  an  aqueous,  supercentrifuged  extract  of 
sheep  pituitary.  The  sera  when  assayed  against  a  sheep  pituitary  extract 
similar  to  that  used  in  the  production  of  the  anti'sera  in  the  rabbit,  were 
shown  to  have  inhibitory  properties.  The  titer  of  the  serum  was  such  that 
I  cc.  inhibited  the  action  of  that  quantity  of  gonadotropic  extract  which 
would  increase  the  weight  of  the  ovaries  of  a  2i'day'old  female  rat  to  from 
60  to  70  mg.,  when  administered  over  a  period  of  4^  days.  The  two  sera 
were  separately  sterilized  by  Seitz  filtration  and  stored  in  sterile  vials  in  the 
refrigerator.  The  serum  administered  to  the  control  pairs  was  obtained  from 
untreated  adult  female  rabbits  and  prepared  and  stored  in  the  same  manner 
as  the  inhibitory  serum. 

RESULTS  AND  DISCUSSION 

The  data  given  in  the  accompanying  table  show  that  the  anti'gonado' 
tropic  serum  is  effective  in  inhibiting  the  hypersecretion  of  the  gonadotropic 
hormone  of  the  castrate  rat  pituitary.  The  ovaries  in  all  the  18  experimental 
pairs  were  found  to  be  less  than  21  mg.  in  weight  irrespective  of  the  partner 
injected.  In  the  3  control  pairs  receiving  the  normal  rabbit  serum,  the  gonads 
of  the  intact  female  weighed  68,  96  and  158  mg.,  respectively.  In  the  control 
series  previously  reported  by  Hertz  and  Meyer  (8)  the  ovaries  of  the  intact 
female  averaged  92.1  ±8.42  mg.  in  44  femak'male  pairs  and  78.3+6.55  mg. 
in  41  female'female  pairs.  Qualitatively  the  ovaries  of  the  experimental  pairs 
were  juvenile  in  gross  appearance  whereas  the  ovaries  of  the  control  series 
showed  extensive  luteinization. 

The  mechanism  of  the  inhibition  of  endogenous  hormone  by  non'specific 
anti'gonadotropic  sera  is  not  understood.  The  probability  of  tissue  refractori' 
ness  of  the  end  organ  (gonads)  resulting  in  inhibition  against  the  gonadotropic 
hormone  is  eliminated  in  experiments  made  by  other  investigators.  Selye  et 
al.  (9)  showed  that  rat’s  ovaries  insensitive  to  further  implants  of  rat  pitui' 
tary  respond  exceedingly  well  to  injections  of  APL  hormone  of  pregnancy 
urine.  Likewise  rats  showing  a  loss  of  sensitivity  to  continued  injections  of 
APL  hormone  reacted  to  hog'pituitary  extract  injections  (Selye  et  al.,  10). 
Furthermore,  Okkels  (ii)  in  his  infusion  experiments  with  the  Lindbergh 
apparatus  indicated  that  there  was  no  cytological  immunity  in  a  gland  from 
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a  refractory  animal.  He  showed  that  the  thyroid  epithelium  of  the  isolated 
refractory  gland  would  respond  to  thyrotropic  hormone.  Werner  (12)  has 
shown  that  the  thyroid  gland  refractory  to  one  type  of  thyrotropic  hormone 
will  respond  to  another  type  of  thyrotropic  preparation. 

The  inhibitory  serum  may  act  directly  upon  the  gonadotropic  hormone 
before  or  after  its  release  from  the  pituitary,  or  prevent  its  release  or  secretion 


Table  i 


Sex  of  pair 

Partner  injected 

Ovarian  weight  (mg.) 

Female-male 

Right 

16 

Female-male 

Right 

18 

Female-male 

Right 

14 

Female-male 

Right 

‘4 

Female-male 

Left 

‘7 

Female-male 

Left 

9 

Female-male 

Left 

12 

Female-female 

Right 

16 

Female-female 

Right 

17 

Female-female 

Right 

14 

Female-female 

Right 

20 

Female-female 

Right 

18 

Female-female 

Right 

9 

Female-female 

Right 

13 

Female-female 

Right 

‘7 

Female-female 

Left 

‘3 

Female-female 

Left 

15 

Female-female 

Left 

16 

Female-male 

Average  ovarian  weight 

‘5 

Female-female 

Average  ovarian  weight 

14 

Controls 

‘Female-male 

Right 

68 

‘Female-male 

Right 

96 

‘Female-male 

Right 

158 

Average  ovarian  weight 

107.3 

*  Injected  with  normal  rabbit  serum. 


from  the  gland  itself.  The  present  data,  however,  do  not  exclude  any  of  these 
possibilities.  Further  experiments  are  being  pursued  to  determine  the  nature 
of  this  inhibition. 


SUMMARY 

Anti-gonadotropic  sera  obtained  from  2  adult,  female  rabbits  receiving 
prolonged  injections  of  an  aqueous,  supercentrifuged  extract  of  sheep  pitui¬ 
tary,  inhibited  the  effectiveness  of  the  endogenous  gonadotropic  secretion  of 
the  castrate  partner’s  pituitary  in  ii  female-female  and  7  female-male  para- 
biotics  when  injected  into  either  the  castrated  or  intact  partner.  The  in¬ 
hibitory  sera  was  of  sufficient  titer  to  prevent  the  ovarian  hypertrophy  and 
the  extensive  luteini^ation  found  in  the  control  series. 
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LACTOGENIC  HORMONE 


SEVERE  REACTIONS  FROM  ITS  USE 

AUGUST  A.  WERNER 

From  the  Department  of  Internal  Medicine,  St.  Louis  University  School  of  Medicine 

8T.  LOUIS,  MISSOURI 

Nelson  (i)  summarizes  the  endocrine  control  of  the  mammary  gland 
as  follows;  “The  development  of  the  mammary  glands  proceeds  under 
the  influence  of  the  ovarian  hormones.  The  difierent  degrees  of  development 
present  in  males,  non-pregnant  females  and  pregnant  females  are  due  to  differ' 
ent  degrees  of  stimulation  by  estrone  and  progesterone.  The  initiation  and 
maintenance  of  lactation  depends  upon  the  presence  of  the  anterior  hypoph' 
ysis.  Lactation  apparently  is  controlled  by  an  anterior  lobe  hormone  spe' 
cifically  related  to  milk  secretion  and  possibly  to  the  associated  behavior  of 
the  mother.  The  ovarian  hormones,  which  are  present  in  unusual  quantities 
during  pregnancy  are  responsible  for  mammary  prohferation,  but  inhibit  the 
secretion  and  action  of  the  lactogenic  hormone.  With  the  decline  in  level  of 
the  ovarian  hormones  at  parturition  the  inhibiting  influences  are  removed, 
the  lactogenic  hormone  is  secreted,  and  lactation  occurs.  Although  the  de' 
velopment  of  the  glands  and  the  initiation  of  milk  secretion  appear  to  be 
under  purely  hormonic  control,  it  seems  probable  that  the  maintenance  of 
lactation  is  influenced  by  a  nervous  mechanism  in  the  reflex  stimulation  of 
the  hypophysis.” 

Stimulation  of  lactation  by  anterior  pituitary  transplants  or  extracts  has  been 
reported  by  authoritative  workers  in  guinea  pigs,  ferrets,  cats,  dogs,  ground  squirrels, 
sows,  heifers,  goats  and  monkeys. 

Kurzrok,  Bates,  Riddle  and  Miller  (2)  reported  treatment  of  29  women  with  pro' 
lactin  in  whom  lactation  failed  to  develop  adequately  by  the  sixth  day  (fifth  in  two 
cases)  or  later  postpartum.  In  21  of  these  women  there  was  a  gain  greater  than  100 
gm.  of  breast  milk  daily  when  comparison  is  made  between  the  day  preceding  pro' 
lactin  dosage  and  the  date  of  the  patients’  discharge,  3  to  9  days  later.  In  4  cases  the 
gain  was  from  50  to  100  gm.  In  3  cases  there  was  a  loss. 

Ross  (3)  reported  treatment  of  21  nursing  mothers  whose  daily  breast  secretion 
on  the  fifth  and  sixth  days  was  less  than  400  cc.  These  women  were  divided  into 
two  groups  of  9  and  12.  The  first  group  received,  on  the  first  day,  two  intramuscular 
injections  of  2  cc.  and  on  the  second  day,  two  intramuscular  injections  of  3  cc., 
making  a  total  over  a  2'day  period  of  10  cc.  of  prolactin  containing  40  Riddle  units 
per  cc.  or  400  u.  The  second  group  received  a  similar  volume  of  prolactin  containing 
100  u  per  cc.  or  a  total  of  1000  u  over  a  2'day  period.  A  third  group  of  10  women  were 
used  as  controls  and  received  a  similar  amount  of  normal  saline  solution  to  check  on 
psychic  influence. 

The  average  increase  in  secretion  of  milk  in  group  i  which  received  a  total  of 
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400  u  of  prolactin  was  164  gm.  The  average  increase  of  milk  secretion  for  the  controls 
was  128  gm.  totaling  an  average  difference  in  these  two  groups  of  36  gm. 

The  average  increase  in  milk  secretion  in  group  2  which  received  1000  u  of 
prolactin  was  209  gm.  The  average  difference  in  amounts  of  milk  secreted  by  group  2 
and  the  untreated  control  group  was  81  gm. 

These  two  experiments  are  commendable  for  they  attack  the  problem  of  insuffi' 
cient  lactation  in  nursing  mothers.  The  experiment  by  Ross  was  checked  by  the  use 
of  controls  which  makes  it  more  convincing.  While  the  differences  in  the  amounts  of 
secretion  between  the  treated  women  and  the  control  group  are  not  large  they  are 
sufficiently  significant  to  indicate  that  stimulation  of  increased  lactation  in  the  human 
is  possible. 

In  a  previous  experiment  by  Werner  (4)  an  attempt  was  made  to  produce  lactation 
in  8  castrate  girls.  Six  of  these  women  were  given  estrogenic  hormones  (amniotin  or 
theelin)  to  develop  the  breasts.  Two  of  these  women  received  follutein  in  addition 
and  2  were  given  corporin  (Hisaw).  Two  castrate  controls  were  used  who  received 
no  preliminary  injections  of  ovarian  hormones.  All  patients  were  given  prolactin. 
All  patients  who  received  ovarian  hormones  and  prolactin  experienced  stimulation 
and  development  of  the  breasts  as  determined  by  increase  in  size,  erection  of  the 
nipples,  enlargement  and  tortuosity  of  the  glandular  trees  (by  palpation),  tenderness, 
tingling  and  at  times  a  trickling  sensation  within  the  breasts.  No  lactation  occurred 
from  the  dosages  given.  Severe  local  and  anaphylactic  reactions  occurred  from  the 
injection  of  prolactin. 

In  the  present  experiment  5  castrate  girls  were  treated  with  theelin 
and  with  theelin  and  progesterone'  to  develop  the  breasts,  and  with  lacto¬ 
genic  hormone  to  stimulate  lactation. 

Injections.  Patients  i  and  5  received  4000  i.u.  of  theelin  in  oil  intramuscu¬ 
larly  daily  for  21  days.  Patient  2  was  given  2000  i.u.  of  theelin  in  oil  intra¬ 
muscularly  daily  for  21  days.  Patient  3  was  given  2000  i.u.  of  theelin  in  oil 
every  other  day  intramuscularly  over  a  period  of  21  days  (ii  injections)  and 
patient  4  received  4000  i.u.  of  theelin  in  oil  daily  for  14  days. 

From  the  15th  to  the  22nd  days  inclusive  (7  days)  10  rabbit  units  of 
progesterone  was  added  daily  to  the  theelin  in  oil  in  patients  i,  2  and  5. 
Patient  3  received  4  injections  of  10  Rb.u.  of  progesterone  on  the  i6th,  i8th, 
20th  and  22nd  days.  Patient  5  received  no  progesterone. 

Lactogenic  Hormone.  It  was  planned  to  administer  400  pigeon  units  of 
lactogenic  hormone  (Evans)  daily  over  a  period  of  7  days  (2800  p.u.).  Three 
days  after  the  last  dose  of  theelin,  patient  4  received  6  daily  injections  (2400 
p.u.)  of  lactogenic  hormone.  She  complained  of  some  soreness  and  induration 
at  the  injection  sites  and  after  the  sixth  dose  redness  and  induration  de¬ 
veloped  over  an  area  4  by  4  inches. 

Lactogenic  hormone  injections  were  begun  3  days  after  the  last  injection 
of  theelin  in  patients  2,  3  and  5  and  after  4  days  in  patient  i. 

One  half  hour  after  patient  2  received  her  first  injection  of  lactogenic 
hormone  she  developed  a  severe  anaphylactic  reaction,  characterized  by 
generalized  edema;  the  body,  face,  hands  and  feet  were  greatly  distended, 

*  The  author  expresses  his  gratitude  to  Parke,  Davis  fir*  Co.,  and  Dr.  E.  A.  Sharp  for  the  supply 
of  theelin;  to  G.  W.  Camick  and  Dr.  C.  F.  Longfellow  who  furnished  the  progesterone,  and  to  the  Abbot 
Laboratories  and  Mr.  Edgar  B.  Carter  for  the  lactogenic  hormone  used. 
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there  was  intense  itching,  embarrassing  respiration  and  difficulty  in  swallow^ 
ing.  She  was  given  a  hypodermic  injection  of  i  cc.  of  i :  1000  adrenalin  solu' 
tion  followed  by  ephedrin  capsules  and  after  about  one  hour  became  more 
comfortable.  The  reaction  diminished  over  a  period  of  12  hours.  Patient  5 
had  a  local  reaction  at  the  injection  site  after  the  fourth  injection. 

Because  of  the  severe  reactions  that  occurred  from  the  use  of  prolactin  in 
the  previous  experiment  and  with  lactogenic  hormone  in  this  one,  the  injec^ 
tions  were  terminated. 

In  the  experiment  by  Ross  (cited  previously)  he  states:  “No  untoward  re' 
actions  were  noted  with  the  less  concentrated  prolactin,  however,  reaction 
consisting  of  redness  and  induration  varying  in  diameter  from  2  to  15  cm. 
developed  in  83  per  cent  of  the  cases.  These  cleared  up  in  two  or  three  days. 
There  was  also  a  rise  in  temperature  to  100  or  io2°F.  in  all  but  one  case  fob 
lowing  the  injections,  but  a  return  to  normalcy  occurred  in  from  2  to  6  days.” 

Effect  of  the  Various  Hormones  upon  the  Breasts.  The  effect  of  theelin 
on  the  breasts  was  characterized  by  development  of  the  glandular  trees, 
enlargement,  sensation  of  fullness,  tingling  and  erection  of  the  nipples. 
Progesterone  exaggerated  the  theelin  effect.  In  patients  4  and  5  who  received 
6  and  4  injections  of  lactogenic  hormone,  the  breasts  were  fuller  and  a  sen' 
sation  of  trickling  in  the  ducts  and  tingling  in  the  nipples  was  noted.  None 
of  the  women  lactated,  because  a  sufficient  amount  of  lactogenic  hormone 
could  not  be  given. 

DISCUSSION 

It  is  known  that  the  anterior  pituitary  hormones  are  protein  in  nature 
and  proteins  when  injected  may  cause  local  or  generalized  tissue  reactions. 
However,  such  reactions  are  of  uncommon  occurrence  with  any  of  the  pitui' 
tary  extracts  that  are  offered  commercially  with  the  exception  of  lactogenic 
hormone. 

The  severe  tissue  and  anaphylactic  reactions  from  the  use  of  lactogenic 
hormone  extracts  suggests  the  possibility  that  their  chemical  composition 
differs  from  that  of  the  other  anterior  pituitary  hormones  or  that  the  present 
methods  of  extraction  allow  some  foreign  protein  contaminations. 

CONCLUSIONS 

The  controlled  experiment  of  Ross  indicates  the  possibility  of  stimulat' 
ing  lactation  in  postpartum  women.  The  local  reactions  described  by  Ross, 
accompanied  by  temperatures  of  10 1  and  i02°F.,  and  those  described  by 
Werner  in  two  experiments,  plus  the  severe  anaphylactic  reactions  pro' 
duced,  indicate  that  the  present  preparations  of  lactogenic  hormones  are 
impure  and  unsafe  for  human  use. 

Further  research  to  find  the  cause  of  these  reactions  and  to  purify  the 
lactogenic  hormone  preparations  is  necessary. 
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ADVANCE  ABSTRACTS 

Allen,  F.  M.,  and  C.  A.  Vicens.  Surgical  treatment  of  experimental  insulin  poisoning.  To  appear  in 

this  Journal. 

As  shown  in  previous  papers,  excessive  insulin  doses  produce  a  state  of  constitutional  hyperinsulin 
ism,  which  may  be  fatal.  The  insulin  being  evidently  absorbed  with  the  usual  promptness,  amputation 
or  excision  of  the  injection  site  is  valueless  in  late  stages.  The  prolonged  effect  of  protamine  insulin  is  due 
less  to  systemic  insulin  excess  than  to  continued  absorption  from  the  injection  site.  Therefore,  even  at 
late  stages,  amputation  or  excision  is  an  effective  means  of  terminating  the  effects  of  an  overdose  of  pro' 
tamine  insulin.  Alternate  periods  of  ligation  and  release  not  only  fail  to  protect  animals  against  overdoses 
of  either  ordinary  or  protamine  insulin,  but  actually  increase  the  toxic  effect.  A  tourniquet  should  there^ 
fore  not  be  used  in  any  possible  attempts  to  treat  insulin  poisoning  clinically.  The  effects  of  shock  and  of 
large  insulin  doses  are  mutually  aggravating. 

Anderson,  W.  A.  D.,  The  renal  lesion  in  hyperparathyroidism.  To  appear  in  this  Journal. 

Three  cases  of  hyperparathyroidism  are  reported  with  particular  reference  to  the  pathological 
changes  found  in  the  kidneys.  Two  were  cases  of  adenoma  of  a  parathyroid  gland,  and  one  with  diffuse 
enlargement  of  all  the  parathyroid  glands.  Chronic  hyperparathyroidism  was  found  to  be  associated 
with  distinctive  microscopic  changes  in  the  kidney.  The  characteristic  features  were  found  to  be  inter' 
stitial  fibrosis,  calcification,  and  infiltration  with  lymphocytes  and  plasma  cells;  cystic  tubular  dilation; 
thickening  and  sometimes  calcification  of  tubular  basement  membranes;  and  relative  absence  of  active 
glomerulitis  or  involvement  of  tubular  epithelial  cells.  In  individual  cases  this  picture  was  varied  by  caU 
cuius  formation  and  superimposed  ascending  infection.  The  interstitial  calcium  dep>osition  was  mainly 
peritubular  and  appeared  to  be  preceded  by  damage  inflicted  on  kidney  tissue.  Further  damage  resulted 
from  interference  with  tubular  function  and  tubular  obstruction.  The  distinctive  clinical  features  in 
some  cases  of  hyperparathyroid  renal  disease  may  be  related  to  the  relative  absence  of  glomerulitis  and 
vascular  changes.  The  microscopic  appearance  of  the  kidneys  differs  from  that  seen  in  acute  hyperpara* 
thyroidism  as  produced  experimentally  in  animals. 

Bayer,  Leona  M.,  Build  in  relation  to  menstrual  disorders  and  obesity.  To  appear  in  this  Journal. 

In  search  of  a  relation  of  physique  to  menstnial  disorders  and  obesity,  four  build  groups  in  women 
and  girls  have  been  sorted  out.  They  have  been  defined  in  terms  of  anthropometric  criteria  which  were 
intended  to  reflect  extent  and  direction  of  sexual  maturation.  For  the  most  part,  these  groups  are  varia' 
tions  of  the  normal.  They  have  been  called  hypofeminine,  feminine,  hyperfeminine,  and  virile.  The 
clinical  testimony  tends  to  corroborate  the  classification  both  in  its  lines  of  demarcation  and  in  its  develop' 
mental  thesis.  It  has  therefore  been  possible  to  attempt  a  characterization  of  each  group  not  only  as  to 
build  picture,  but  also  as  to  typical  and  anatomical  and  physiological  corollaries.  Normal  feminine :  Build  is 
distinguished  by  normal  body  hair  and  breast  development  and  average  body  proportions  especially  with 
regard  to  sitting  height 'Stature  and  trunk  breadth  indices.  Clinically  these  patients  are  usually  normal 
except  that  there  may  be  menstrual  disturbances  of  flow  and  rhythm.  Hypofeminine:  Build  is  distin' 
guished  by  scant  body  hair,  small  breasts,  long  legs,  narrow  pelvis.  Underweight,  primary  amenorrhea, 
incomplete  genital  development,  delayed  bone  age,  and  increased  sugar  tolerance  constitute  the  associated 
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clinical  syndrome.  Hyperfeminine:  Build  is  distinguished  by  increased  body  hair,  large  breasts,  short  legs, 
broad  pelvis.  Overweight,  advanced  bone  age,  decreased  sugar  tolerance  constitute  the  clinical  syn- 
drome.  Menstrual  disturbances  consist  in  irregularities  of  rhythm  and  flow.  Virile:  Build  is  distinguished 
by  excessive  body  hair,  small  breasts,  short  legs,  broad  shoulders,  narrow  pelvis.  Overweight,  muscular^ 
ity,  secondary  amenorrhea,  masculinization  of  the  genitals  constitute  the  extreme  clinical  syndrome. 


Blotner,  H.  The  concentration  of  a  volatile  reducing  substance,  probably  alcohol,  in  blood  and  urine 

of  diabetic  persons.  To  appear  in  this  Journal. 

This  paper  presents  some  observations  on  the  concentration  of  alcohol  or  volatile  reducing  substance 
in  the  blood  and  urine  of  46  patients  with  diabetes  mellitus  without  acidosis,  j  patients  with  diabetes 
insipidus,  1  patient  with  alkalosis,  and  3  diabetics  and  3  nephritics  with  acidosis.  The  method  used  for 
determining  the  alcohol  concentration  is  that  described  by  Gibson  and  Blotner  which  employs  the 
photoelectric  colorimeter.  The  concentration  of  alcohol  or  volatile  reducing  substance  in  the  blood  of 
these  people  was  the  same  as  in  the  normal  and  varied  from  o  to  6.5  mg.  per  cent  and  in  the  urine  from 
o  to  2  mg.  per  cent  except  in  the  diabetics  with  acidosis.  In  these  the  readings  were  considerably  elevated 
and  due  apparently  to  acetone.  There  was  no  relation  between  the  amount  of  sugar  in  the  blood  and 
urine  and  the  concentration  of  alcohol  or  volatile  reducing  substance  in  these  fluids. 


Buchanan,  J.  A.,  and  H.  A.  Ballweg,  The  effect  of  antuitrin-G  administration  upon  growth  of  a  pitui¬ 
tary  dwarf.  To  appear  in  this  Journal. 

An  eighteen-year-old,  undersized  girl  with  an  hypophyseal  tumor  causing  pituitary  insuflBciency, 
who  refused  surgical  and  radiation  therapy,  was  treated  with  antuitrin  G.  Her  growth,  which  had  ceased 
seven  years  previously,  was  increased  by  an  inch  and  a  half  increase  in  stature  and  a  gain  of  seventeen  and 
a  quarter  pounds  in  weight,  over  a  period  of  nine  months.  There  was  also  some  evidence  of  sexual  growth 
in  the  appearance  of  axillary  hair,  establishment  of  catamenia  and  enlargement  of  the  breasts. 

Cutting,  W.  C.,  G.  B.  Robson,  and  K.  Emerson.  Refractoriness  from  pituitary  thyrotropic  extracts. 
To  appear  in  this  Journal. 

Two  series  of  guinea  pigs  were  injected  with  a  flavianate  preparation  of  the  thyrotropic  hormone. 
In  one  series  the  pituitary  powder  from  which  the  extract  was  made  had  been  stored  for  a  long  period, 
while  in  the  other  series  freshly  made  powder  was  used.  Although  the  potency  for  causing  immediate 
thyroid  hyperplasia  was  the  same  with  both  extracts,  refractoriness  occurred  more  quickly  and  com¬ 
pletely  in  the  former  than  in  the  latter. 

Duyvene  de  Wit,  J.  J.,  Ovipositor  lengthening  of  the  female  bitterling  produced  by  administration  of 
progesterone.  To  appear  in  this  Journal. 

Ovipositor  lengthening  of  the  female  bitterling  (Rhodeus  amarus)  occurs  after  administration  of 
estrogens  and  androgens.  In  this  paper  it  is  shown  that  the  female  bitterling  is  much  more  sensitive  to 
progesterone.  Also  a  number  of  investigated  progesterone-derivates  gave  a  positive  reaction,  just  as 
corticosterone,  desoxycorticosterone  being  the  most  active  of  all. 

Feresten,  M.,  and  S.  Wimpfheimer,  Patency  of  the  uterotubal  junction  of  the  rabbit  experimental 
observations  with  the  aid  of  COi  insufflation  (Rubin  method).  To  appear  in  this  Journal. 

The  uterus  and  tubes  of  48  living  rabbits  were  insufflated  66  times,  employing  COj  gas  and  the 
kymograph  as  in  the  Rubin  test,  in  (wder  to  observe  the  tonicity  of  the  uterotubal  junction.  There  was  a 
large  variation  in  the  degree  of  pateiKy  of  the  uterotubal  junction  at  each  stage  of  the  estrous  cycle. 
Repeated  insufllations  during  the  same  and  different  stages  of  the  estrous  cycle  showed  no  correlated  typical 
pressure  patterns.  The  degree  of  patency  of  the  right  and  left  uterotubal  junctions  was  frequently  differ¬ 
ent  when  insufflated  under  identical  conditions,  or  after  several  minutes  had  elapsed  between  the 
insufflation  of  either  hesn.  Whether  the  pressures  required  to  force  gas  through  the  uterotubal  junction 
were  low  or  high,  once  this  ostium  was  opened  by  the  force  of  the  insufflated  gas  a  more  or  less  constant 
fluctuation  level  was  maintained,  always  under  100  mm.  Hg.  The  uterotubal  junction  of  the  rabbit 
appears  to  be  guarded  by  a  sphincter-like  apparatus  and  polypoid  folds,  which  offer  a  greater  resistance 
to  gas  passing  upward  from  the  uterus  than  downward  toward  the  uterus. 


Friedman,  M.  H.  The  assay  of  gonadotropic  extracts  in  the  postpartum  rabbit.  To  appear  in  this  Journal. 

The  exclusive  use  of  carefully  selected  postpartum  rabbits  largely  eliminates  the  variabUity  ordi¬ 
narily  encountered  in  the  bioassy  of  gonadotropic  material.  The  dose  required  to  produce  ovulation  is,  for 
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practical  purposes,  strictly  proportional  to  body  weight.  With  appropriate  allowance  for  the  factor  of 
body  weight,  it  is  possible  with  one  rabbit  per  dose  level  to  define  the  activity  of  preparations  of  mare 
serum  or  human  pregnancy  urine  nine  times  out  of  ten  with  an  error  less  than  jo%.  The  use  of  a  second 
animal  at  the  critical  level  provides  an  accuracy  which  surpasses  that  obtainable  by  the  use  of  10  isolated 
rabbits  per  dose  level.  Observations  over  a  period  of  14  months  give  no  indication  of  a  seasonal  variation 
in  sensitivity  of  the  test  animals. 

Foster,  R.  C.,  and  M.  J.  Thornton,  Thyroid  in  the  treatment  of  menstrual  irregularities.  To  appear  in 
this  Journal. 

Fifty  patients  with  ages  ranging  from  16  to  34  were  seen  because  of  dysmenorrhea,  oligomenorrhea, 
amenorrhea,  metrorrhagia  and  menorrhagia.  All  were  apparently  healthy  individuals  with  normal  pelvic 
findings.  These  patients  had  B.M.R.  ranging  from  —  1  to  —  3  j  with  an  average  of  — 15.  All  were  treated 
with  desiccated  thyroid.  Of  15  cases  of  dysmenorrhea  17  had  complete  relief,  y  partial,  and  3  no  relief. 
Of  17  individuals  with  an  oligomenorrhea  all  had  complete  relief.  Of  4  patients  with  amenorrhea  lasting 
from  8  months  to  4  years  only  one  had  relief  of  her  symptoms.  Among  13  patients  with  metrorrhagia  12 
had  complete  relief  and  of  7  with  a  menorrhagia  6  had  complete  relief.  It  is  suggested  that  a  B.M.R. 
should  be  determined  in  those  individuals  complaining  of  menstrual  irregularities  who  have  no  demon* 
strable  pathology  to  explain  their  symptoms.  A  therapeutic  trial  of  thyroid  is  indicated  if  the  B.M.R. 
is  zero  or  below. 

Grauer,  R.  C.,  and  E.  Saier.,  A  comparison  of  the  distilling  and  dry  ashing  methods  for  the  determina* 
tion  of  blood  iodine.  To  appear  in  this  Journal. 

In  order  to  establish  the  comparative  merits  of  the  distilling  method  and  the  dry  ashing  method  for 
determining  the  Ij  content  of  blood,  a  series  of  determinations  was  done  on  the  same  blood  samples. 
B.M.R.  were  done  on  the  same  day  as  the  blood  samples  were  drawn  for  analysis.  Both  methods  were 
found  to  give  equally  accurate  results,  giving  2  to  4  gamma  per  100  cc.  of  blood  as  the  average  normal 
range.  The  ease  of  performance,  the  saving  of  time,  the  diminished  cost  all  recommend  the  Stevens'  dis* 
tilling  method,  as  slightly  modified  by  the  authors,  as  the  method  of  choice  for  routine  blood  iodine 
determinations. 

Gray,  L.  A.  and  C.  B.  Brack.  The  effect  of  the  estrogenic  hormone  on  experimental  tuberculosis.  To 
appear  in  this  Journal. 

Under  the  conditions  of  these  experiments,  a  marked  degree  of  hyperestrinism  exerted  no  detectable 
effect  upon  cither  native  or  acquired  immunity  to  tuberculosis  in  the  virgin  female  guinea  pig.  This  sug¬ 
gests  that  some  factor  other  than  the  premenstrual  rise  in  estrogenic  hormone  is  responsible  for  the 
premenstrual  exacerbations  of  the  disease  that  have  been  described  in  tuberculous  women. 

Greene,  R.  R.,  and  E.  M.  Dorr,  Clinical  use  of  a  new  estrogen.  To  appear  in  this  Journal. 

Estradiol  dipropionate  has  been  used  in  the  treatment  of  61  patients  for  menopausal  symptoms,  for 
senile  vaginitis,  or  for  infantile  vaginitis.  The  substance  has  been  given  in  oil  solution  by  intramuscular 
injection  once  a  week  or  less  frequently.  The  data  do  not  permit,  as  yet,  a  quantitative  comparison  of  the 
clinical  effectiveness  of  estradiol  dipropionatc  with  other  estrogens.  Quahtatively,  however,  it  is  clinically 
more  effective  in  that  the  necessary  frequency  of  injection  is  much  less  than  that  of  estrone  or  estradiol 
benzoate. 

Hamilton,  J.  B.,  and  R.  I.  Dorfman.  Influence  of  the  vehicle  upon  the  length  and  strength  of  the  action 
of  synthetic  male  hormone,  testosterone  propionate.  To  appear  in  this  Journal. 

As  suggested  by  Deanesly  and  Parkes,  crystals  gave  the  strongest  and  longest  stimulation,  a  single 
injection  of  20  mg.  lasting  for  71  days.  Beef  tallow  was  next  best,  exerting  an  action  like  that  of  crystal 
for  17  days  and  continuing  to  stimulate  growth  for  27  days.  Palmitic  acid  was  also  a  satisfactory  vehicle. 
Peanut  oil,  an  example  of  the  oils  which  have  been  used  routinely  in  clinical  therapy,  acted  in  a  lesser 
manner  over  a  total  of  17  days.  Spermaceti  wax  and  mineral  oil  gave  lesser  effects.  Precipitation  of  the 
hormone  from  a  solution  injected  intramuscularly  resulted  in  a  less  comb  growth  than  obtained  when  the 
hormone  was  dissolved  in  peanut  oil.  Twenty  mg.  of  testosterone  propionate  produced  a  greater  duration 
and  maximum  of  comb  growth  than  5  mg.,  but  the  general  type  of  the  response  to  different  solvents  was 
the  same  with  both  doses. 

Hanes,  W.  J.,  and  R.  S.  Crew,  Endocrinologic  and  metabolic  observations  in  exfoliative  dermatitis. 
To  appear  in  this  Journal. 

A  clinical  and  laboratory  survey  of  y  cases  of  chronic  exfoliative  dermatitis  was  made  by  the  authors 
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in  an  attempt  to  illustrate  a  possible  relationship  existing  between  the  endocrinologic,  metabolic  and 
dermatologic  systems.  Reference  is  made  to  the  effect  of  certain  endocrine  disorders  on  the  skin  of 
patients,  i.e.,  myxedema;  also  it  was  shown  that  many  skin  diseases  which  had  previously  been  regarded 
as  dermatologic  entities,  have  later  been  proven  instead  to  be  a  manifestation  of  organic  disease  elsewhere 
in  the  body,  i.e.,  erythema  nodosum.  Complete  clinical  study  was  made  including  a  history,  physical 
examination  and  photograph  of  each  patient.  This  revealed  menstrual  irregularities  in  the  female  patients 
and  impotence  in  the  male  patients.  Four  of  the  five  cases  studied  showed  signs  and  symptoms  suggestive 
of  hyperthyroidism.  From  a  laboratory  viewpoint,  urine  hormone  assays  and  x-ray  of  the  pituitary  region 
were  negative.  However,  there  was  a  sufficient  alteration  in  the  blood  chemistry  (blood  cholesterol 
determinations,  liver  function  test  and  albumin-globulin  ratio)  the  glucose  tolerance  curves  and  the  basal 
metabohe  rate  determinations  to  suggest  that  some  endocrine  dysfunction  existed.  There  was  no  definite 
hormone  deficiency  noted.  Regardless,  on  theoretical  grounds,  therapy  was  begun  using  antuitrin  (1 
cc.  =  50  rat  units)  and  antuitrin-S  (i  cc.  =  100  rat  units).  These  were  employed  over  a  4  months  period 
and  the  patients  were  observed  daily.  There  was  only  shght  temporary  improvement  observed  in  two 
male  patients,  obviously  insufficient  evidence  on  which  to  base  any  conclusions. 

Hooxer,  C.  W.,  and  G.  C.  Newman,  The  effect  of  iodine  on  the  interstitial  cells  of  the  testis.  To 

appear  in  this  Journal. 

In  an  attempt  to  duplicate  the  reported  finding  that  chronic  daily  oral  administration  of  iodine,  as 
the  tincture,  produces  testicular  damage  affecting  only  the  interstitial  cells  and  diminution  of  androgen 
production,  mice  and  rats  were  given  subcutaneous  injections  of  Nal  daily  over  periods  ranging  from  62 
to  iji  days.  No  differences  between  the  treated  animals  and  their  untreated  litter-mate  controls  were 
observed  in  the  weight  and  histology  of  the  testes,  seminal  vesicles,  hypophyses,  and  adrenals,  nor  in 
the  rate  of  growth.  It  is  suggested  that  the  reported  positive  effects  were  the  result  of  partial  inanition 
which  was  the  immediate  effect  of  orally  administered  iodine. 

Ingle,  D.  J.,  and  R.  W.  Gragg,  The  regeneration  of  autografts  of  thyroid  tissue  in  partially  and  com¬ 
pletely  thyroidectomized  rats.  To  appear  in  this  Journal. 

A  group  of  normal  adult  rats  were  subjected  to  thyroidectomy.  In  one  group  only  half  of  the  thyroid 
gland  was  removed  and  transplanted  to  the  ovary.  In  the  other  group  the  entire  gland  was  removed  and 
one  half  of  it  sutured  to  the  ovary.  At  varying  intervals  the  ovary  with  its  transplanted  thyroid  gland 
was  removed  and  studied  microscopically.  Our  studies  tended  to  prove  that  the  transplanted  thyroid 
gland  grows  rapidly  and  shows  microscopic  evidence  of  increased  cellular  activity  when  a  definite  state 
of  thyroid  deficiency  exists.  This  occurred  in  all  of  the  completely  thyroidectomized  rats.  However  when 
a  portion  of  the  thyroid  gland  is  left  in  place,  the  transplanted  portion  grows  very  slowly  without  signs 
of  cellular  hyperactivity  and  never  attains  any  appreciable  size.  The  portion  of  thyroid  gland  left  in  situ 
never  revealed  any  evidence  of  hyperplasia.  As  long  as  three  months  after  complete  thyroidectomy  the 
transplanted  thyroids  retained  the  same  characteristics  of  cellular  hyperplasia  and  increased  activity 
that  it  revealed  two  weeks  after  operation,  at  which  time  it  was  growing  most  actively. 

Katzenstein,  F.  C.,  and  Samuel  Soskin,  Hormonal  influences  on  the  excitability  of  the  muscular  proto* 

plasm  of  the  rat’s  uterus.  To  appear  in  this  Journal. 

The  minimal  responses  of  the  rat’s  uterus  to  electrical  stimulation  were  found  to  be  confined  to  the 
muscular  elements  of  the  uterus,  without  involving  the  nervous  tissues.  The  chronaxie  of  these  minimal 
responses  had  been  shown  previously  to  vary  with  the  estrous  cycle,  and  was  used  in  the  present  work 
to  study  the  effect  of  various  hormones  on  the  excitability  of  the  muscular  protoplasm  of  the  uterus. 
It  was  found  that  estrogenic  hormone,  APL  substance  and  pitocin  increased  the  excitabihty  of  uterine 
muscle  to  levels  comparable  to  those  which  occur  in  spontaneous  uterine  estrus.  Nevertheless  castration, 
hypophysectomy  and  adrenalectomy,  were  followed  by  a  similar  increase  in  uterine  excitabihty  which 
lasted  for  two  weeks.  It  was  concluded  that  the  ovary  probably  elaborates  a  factor  or  hormone  which 
actively  decreases  the  excitability  of  the  uterine  muscle  at  appropriate  times  in  the  sex  cycle.  The  corpus 
luteum  hormone  is  apparently  not  the  substance  involved.  Such  an  inhibitory  factor  might  have  potential 
importance  in  the  etiology  and  treatment  of  clinical  disorders  of  sex  function. 

Kocharian,  C.  D.,  Excretion  and  fate  of  androgens.  The  excretion  of  injected  testosterone  and  its  vari¬ 
ous  derivatives.  To  appear  in  this  Journal. 

After  the  subcutaneous  injection  of  oil  solutions  of  testosterone  and  its  various  derivatives — 
acetate,  propionate,  benzoate  and  oxime — into  four  castrate  dogs,  there  was  recovered  from  the  urine 
about  o.j%  of  the  original  activity  (capon  units).  Protection  of  the  polar  groupings  did  not  prevent  the 
inactivation  of  the  molecule  or  delay  or  prolong  the  rate  of  excretion.  The  assayable  material  was  found 
in  the  urine  on  the  first  two  days  after  injection. 
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Kur2rok,  L.,  C.  Birnbero  and  S.  Livingbton.  Treatment  of  female  menopause  by  male  sex  hormone. 

To  appear  in  this  Journal. 

Twenty -one  cases  are  reported  of  female  menopause,  natural  and  artificial,  treated  successfully 
with  male  sex  hormone.  There  is  a  definite  place  for  male  sex  hormone  (testosterone)  in  the  treatment  of 
female  menopause.  The  symptoms  of  menopause  can  be  controlled  by  administration  weekly  of  3&-50 
mg.  of  testosterone  propionate.  Administration  of  10-40  mg.  of  male  sex  hormone  weekly  will  not  inhibit 
uterine  bleeding,  although  the  bleeding  is  not  true  menstruation  from  a  secretory  endometrium.  The 
bleeding  occurs  from  an  internal  endometrium,  as  determined  by  endometrial  biopsies. 


Leonard,  S.  L.  with  the  technical  assistance  of  K.  Roller.  The  blood  cholesterol  in  thyroidectomized 
rats  as  related  to  the  effectiveness  of  gonadotropic  hormones.  To  appear  in  this  Journal. 

In  studying  the  hypophyseal-thyroid-ovarian  relationship,  an  investigation  was  made  of  the  blood 
cholesterol  of  rats  in  relation  to  the  effect  of  folUcle  stimulating  hormone.  Feeding  cholesterol  to  im* 
mature  female  rats  for  sh(^  periods  did  not  alter  the  blood  cholesterol  or  the  responsiveness  of  the 
ovaries  to  injected  F.S.H.  Thyroidectomy,  in  the  immature  rat,  which  results  in  increased  effectiveness 
of  injected  F.S.H.,  did  not  effect  the  total  blood  cholesterol  level.  Blood  cholesterol  changes  were  not  a 
factor  in  this  interglandular  relationship. 


McCullagh,  D.  R.,  Stability  of  testis  hormones.  To  appear  in  this  Journal. 

Testosterone  is  more  stable  to  prolonged  boiling  with  5%  by  volume  sulphuric  acid  than  are 
testicular  extracts.  The  androgenic  activity  of  bovine  testes  is  increased  by  boiling  for  15  minutes  with 
5%  sulphuric  acid.  This  indicates  the  existence  of  more  than  one  androgen  in  testes  and  makes  it  pos' 
sible  to  explain  certain  seemingly  contradictory  facts  concerning  testicular  physiology. 

Main,  R.  J.,  Mineral  salts  as  toxic  factors  in  urinary  prolan  concentrates.  To  appear  in  this  Journal. 

Urinary  prolan  concentrates  made  by  the  alcohol  precipitation  method  contain  sufficient  amounts 
of  Na  and  K  to  explain  their  toxicity.  Suggestions  for  circumventing  this  toxicity  are  made.  The  M.L.D. 
of  Na,  K,  Ca,  and  Mg  chlorides  for  immature  rats  are  given. 

Martins,  Th.,  and  J.  Valle.  The  endocrine  control  of  the  motility  of  the  male  accessory  genital  organs. 

To  appear  in  this  Journal. 

A  study  is  made  of  the  behavior  in  vitro  of  171  vasa  deferentia,  78  seminal  vesicles,  and  y8  prostates, 
excised  from  normal,  castrated,  and  sex-hormone'injected  rats.  The  organs  were  immersed  in  a  bath  of 
oxygenated  Locke's  solution  at  a  temperature  of  37“  to  38“,  and  the  longitudinal  contractions  recorded. 
Spontaneous  contractions  were  not  exhibited  by  the  organs  of  normal  rats,  automatism  was  shown  in 
those  of  castrates  in  almost  all  cases.  The  castrate  organs  were  more  reactive  to  drugs  added  to  the  bath, 
especially  after  the  application  of  pilocarpine  and  other  drugs  belonging  to  the  parasympathomimetic 
group:  the  reactions  were  predominantly  rhythmic.  In  the  normals,  the  contractions  were  predominantly 
tonic.  The  treatment  of  the  castrated  animals  with  testosterone  or  its  pripionate,  reestabUshed  the  nor- 
mal  type  of  behavior  of  the  excised  vasa  deferentia,  seminal  vesicles,  and  prostate.  Estradiol  benzoate 
exaggerated  the  castrate  type,  making  the  organs  more  excitable  and  reactive.  Progesterone  alone  or  used 
after  previous  treatment  with  estradiol  benzoate  had  no  normalizing  effect. 

Mussio  Fournier,  J.  C.  The  effects  of  sex  hormones  on  the  combs  of  castrated  and  non<astrated  cocks. 

To  appear  in  this  Journal. 

The  local  effect  of  progynon-B,  testosterone  propionate  or  androsterone  and  progesterone  was 
studied  on  the  combs  of  both  castrated  and  non-castrated  birds.  Excepting  the  progesterone,  which 
shows  no  effect  whatsoever  on  the  combs  or  testes  with  the  dosage  used,  the  other  hormones  cause  gross 
and  cytologic  changes  in  both  comb  and  testes.  The  local  effect  on  the  combs  of  castrated  and  non* 
castrated  birds  is  demonstrated,  excepting  the  progesterone.  A  general  effect  consists  in  cytological 
changes  in  the  testicles  similar  to  those  observed  in  mammals.  The  local  action  we  have  shown  by  ex¬ 
perimenting  with  the  inhibition  of  the  mixtures  made  in  vitro  with  folliculin  and  male  hormone,  as  well 
as  through  successive  application  using  birds  with  spUt  combs.  The  weighing  of  the  projection  of  the 
comb  outline  on  sensitive  photographic  paper  is  used  to  appreciate  the  increased  or  decrease  of  the  size 
of  the  combs.  The  fact  to  be  emphasized  is  the  direct  local  effect  of  folliculin  or  progynon-B  on  the 
combs  of  castrated  and  non-castrated  birds.  Such  an  effect  is  just  the  opposite  to  the  one  obtained  with 
the  male  hormone,  and  the  same  holds  true  regarding  the  cytologic  changes  in  the  testicles  as  brought 
about  with  the  hormone,  barring  progynon-B,  at  the  dosage  given. 
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Newton,  W.  H.,  The  technique  of  hypophysectomy  in  the  rabbit.  To  appear  in  thw  Journal. 

The  method  described  is  essentially  that  of  White,  but  an  attempt  has  been  made  to  detail  the  steps 
of  the  operation  and  the  instruments  used  in  such  a  way  as  to  make  almost  exact  repetition  possible. 
Certain  modifications  and,  it  is  beUeved,  improvements  have  been  introduced,  but  are  not  regarded  as 
final.  The  account  is  intended  primarily  to  help  those  who  are  unfamiliar  with  the  operation,  and  no 
standardisation  of  technique  is  suggested. 

O'Sullivan,  M.  E.,  The  present  day  status  of  migraine  therapy.  To  appear  in  this  Journal. 

The  therapeutic  experiences  of  a  five-year  study  of  migraine  are  summarized.  It  is  stated  that  our 
knowledge  of  migraine  therapy  has  been  inhibited  by  the  many  contradictory  therapeutic  reports  in 
the  literature.  These  contradictory  results  are  caused  by  a  dissimilarity  of  reported  migraine  groups. 
An  analytical  graph  is  shown  that  compares  the  characteristics  of  the  patients  in  12  different  series.  From 
this  analysis,  one  can  readily  see  that  these  authors  were  not  treating  a  similar  pathological  condition.  It 
has  been  emphasized  that  unless  we  know  what  type  of  patient  will  be  helped  by  a  particular  medication, 
therapy  will  remain  in  a  confusion.  From  our  experiences,  there  has  been  established  a  symptomatic, 
therapeutic  criteria  as  a  guide  to  migraine  therapy.  A  brief  summary  has  been  given  of  the  symptoms  that 
suggest  different  medications;  to  which  patients  emmenin  is  prescribed;  when  progynon-B  is  used;  what 
patients  should  have  an  allergic  work-up  etc.  If  the  symptomatic  nature  of  migraine  is  kept  in  mind,  and 
one  does  not  look  for  a  “cure  all”  for  all  forms  of  the  condition,  the  present  day  therapy  of  migraine  is 
not  in  a  dilemma. 

Papanicxjlaou,  G.  N.,  H.  S.  Ripley  and  E.  Shore,  Suppressive  action  of  testosterone  propionate  on  men¬ 
struation  and  its  effect  on  vaginal  smears.  To  appear  in  this  Journal. 

The  administration  of  775  mg.  of  testosterone  propionate  over  a  period  of  31  days  inhibited  the 
menstrual  cycle  in  a  young  woman.  Menstruation  was  resumed  spontaneously  28  days  after  the  cessation 
of  therapy.  Examination  of  vaginal  sme.^rs  showed  gradual  morphological  changes  from  the  normal  adult 
type  to  an  atrophic  type  of  smear  characteristic  of  the  menopause  or  prepubertal  state.  After  discon¬ 
tinuation  of  treatment  the  smears  returned  to  normal  through  a  series  of  reverse  stages.  These  definite 
changes  in  the  vaginal  secretion  offer  a  simple  method  for  evaluating  the  effect  and  regulating  the  dosage 
of  the  male  hormone  in  women. 

Phelps,  D.,  Effects  upon  uterine  motility  of  urine  excreted  during  normal  labor,  normal  menstruation  and 
dysmenorrhea.  To  appear  in  this  Journal. 

Urine  excreted  during  the  last  57  days  of  pregnancy  and  during  labor  was  examined  for  its  action 
upon  the  motiUty  of  the  rabbit  uterus  in  situ  and  the  action  of  this  urine  upon  uterine  motility  was  com¬ 
pared  with  that  of  urine  excreted  during  menstrual  and  intermenstrual  phases  of  the  cycle  by  normally 
menstruating  women  and  by  women  with  essential  dysmenorrhea.  Urine  excreted  during  the  last  30 
days  of  pregnancy  and  during  labor  showed  an  increase  in  inhibitory  activity,  as  compared  with  urine 
excreted  during  the  normal  intermenstruum.  A  similar  increase  in  the  inhibitory  activity  of  the  urine 
was  observed  during  normal  menstruation.  Urine  excreted  during  dysmenorrhea  showed  an  increase  in 
stimulative  activity  and  a  decrease  in  inhibitory  activity.  Also,  a  marked  imbalance  in  the  excretion, 
during  the  intermenstruum,  of  substances  influencing  uterine  motility  was  observed  in  women  with 
dysmenorrhea  but  not  in  normally  menstruating  women.  The  results  indicate  a  similarity  in  the  physi¬ 
ologic  processes  associated  with  normal  labor  and  normal  menstruation,  and  an  abnormality  in  the  physi¬ 
ologic  processes  of  women* who^^suffer  with  dysmenorrhea. 

PoTTENGER,  Jr.,  F.  M.,  and  D.  G.  Simonsen,  Further  studies  of  male  sex-stimulating,  female  sex-repressive 
fractions  of  the  adrenal  glands  of  cows,  steers  and  bulb.  To  appear  in  this  Journal. 

A  female  sex-repressive,  male-stimulative  fraction  has  been  prepared  from  cow,  bull  and  steer  adre¬ 
nals.  The  SS  fraction  from  cow  adrenab  produces  a  marked  atrophy  of  the  uteri  and  ovaries  of  female  rats 
and  has  httle  effect  on  the  testes  of  male  rats.  That  prepared  from  bull  glands  increases  the  weight  of  the 
testes  of  male  rats  and  has  httle  or  no  effect  on  the  uteri  of  female  rats.  That  of  steer  glands  is  intermedi¬ 
ate  in  effect,  i.e.,  it  causes  some  atrophy  of  the  uteri  and  ovaries  of  female  rats  and  a  slight  stimulation  of 
the  growth  of  the  testes  of  male  rats.  In  female  rats  the  SS  fraction  of  cow  adrenab  inhibits  the  estrous 
cycle  in  30  days,  steer  gbnds  in  60  days  and  bull  adrenab  have  no  apparent  effect.  Histological  examina¬ 
tion  reveals  a  functional  atrophy  of  the  uteri  and  ovaries  of  female  rats  and  an  increase  of  spermatogenesb 
in  the  testes  of  male  rats. 

Richter,  C.  P.,  Salt  taste  thresholds  of  normal  and  adrenalectomized  rats.  To  appear  in  this  Journal. 

The  salt  taste  threshold  of  20  normal  rats  averaged  o.oyy%,  that  is,  the  animals  detected  salt  in 
solutions  of  approximately  one  part  of  salt  to  2000  parts  of  water.  Removal  of  the  adrenab  in  8  rats 
greatly  reduced  the  salt  taste  threshold.  It  averaged  0.003%,  tl^^t  b,  the  animab  distinguished  between 
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water  and  salt  solution  in  a  concentration  of  iCjj.ooo.  The  adrenalectomized  rats  showed  a  craving  for 
salt  offered  in  amounts  which  could  not  possibly  have  had  any  beneficial  effect.  The  results  indicate  that 
adrenalectomized  rats  ingest  more  salt,  not  because  they  learn  that  salt  relieves  their  deficiency  discom^ 
forts,  but  because  of  chemical  changes  in  the  taste  mechanisms  in  the  oral  cavity,  giving  rise  to  an  en- 
hanced  salt  discrimination. 

Richter,  C.  P.,  and  B.  Barelare,  Jr.,  Persistence  of  the  4-  to  5'day  activity  cycles  in  vitamin  A  deficient 
rats  with  constant  comification  of  the  vaginal  epitheUum.  To  appear  in  this  Journal. 

Six  rats  on  a  vitamin  A-ffee  self-selection  diet  showed  regular  activity  and  estrous  cycles  for  ap' 
proximately  40  days,  each  peak  of  activity  coinciding  with  the  appearance  of  cornified  cells  in  the  vaginal 
smears.  After  that,  the  vaginal  smears  became  constantly  cornified  and  no  longer  showed  the  regular 
4'  to  y-day  cycUcal  changes.  However,  the  4-  to  y-day  activity  cycles  still  persisted.  The  persistence  of 
activity  cycles  throughout  the  period  of  constant  comification  indicates  that  the  cycles  of  the  ovary 
were  undisturbed.  This  is  in  agreement  with  results  other  workers  have  obtained  by  (a)  laparotomy, 
(b)  copulation  tests,  (c)  supravital  staining  of  vaginal  epitheUum,  and  (d)  postmortem  examination  of  the 
ovaries. 

Sandberg,  M.,  D.  Perla  and  O.  M.  Holly,  The  effect  of  castration  in  albino  rats  on  nitrogen,  sulfur’ 
chloride,  sodium  and  potassium  metaboUsm,  and  on  changes  in  weight  and  food  intake.  To  appear 
in  this  Journal. 

The  influence  of  castration  on  the  metaboUsm  of  N,  S,  Cl,  Na  and  K,  and  on  weight  and  food  intake 
of  male  and  female  albino  rats  was  studied.  If  the  gonads  are  removed  after  puberty  nitrogen,  S,  Cl,  Na 
and  K  metabolism  either  decreases  slightly  or  remains  unchanged.  If  castration  occurs  before  puberty, 
however,  urinary  N  excretion  increases  considerably.  Urea  N  accounts  for  the  increase.  Ammonia  N, 
uric  acid,  creatine,  creatinine  and  fecal  N  excretion  remain  unchanged.  Exogenous,  as  well  as  endogenous, 
S  metabolism  is  disturbed.  Total  S  excretion  rises  as  well  as  that  of  neutral  S.  After  a  period  of  7  months 
endogenous  S  metabolism  begins  to  return  to  normal.  Cl,  Na  and  K  retention  is  decreased.  The  weight 
curves  and  food  intake  of  male  and  female  rats  which  have  been  castrated  before  puberty  is  similar  to 
that  of  normal  animals.  The  weight  curves  of  male  rats  which  have  been  castrated  after  puberty  are 
similar  to  those  of  normal  animals  up  to  the  age  of  30  weeks.  Then  the  curve  of  the  castrates  flattens 
out  and  at  40  weeks  of  age  the  controls  weigh  10  per  cent  more.  Food  intake,  expressed  in  g.  per  100  g. 
body  weight,  is  somewhat  higher  in  the  normals  up  to  a  weight  of  270  g.  Afterwards  it  is  the  same  for 
both  groups.  The  weight  curves  of  female  rats  which  have  been  castrated  after  puberty  show  a  gain  in 
weight  over  the  controls,  in  spite  of  the  fact  that  their  food  intake,  expressed  in  g.  per  100  g.  body  weight, 
it  less.  The  significance  of  these  changes  has  been  discussed. 

Saphir,  W.,  Katharine  N.  Howell  and  R.  H.  Kunstadter,  Human  serum  response  to  gonadotropic 
hormone  (pregnancy  urine  extract).  To  appear  in  this  Journal. 

A  study  was  undertaken  to  determine  the  presence  of  antihormones  or  antibodies  in  the  serum  of 
humans  treated  with  large  doses  of  gonadotropic  hormone  (pregnancy  urine  extract).  Animal  experiments 
failed  to  reveal  any  antigonadotropic  action  of  the  serum.  The  serum  contained  a  thermo-labile  factor  that 
fixed  complement  in  the  presence  of  both  pregnancy  urine  extract  and  normal  urine  extract  used  as  anti' 
gen.  The  nature  of  this  factor  is  discussed.  It  is  concluded  that  humans  do  not  respond  with  either  true 
antibody  of  antihormone  formation  following  the  injection  of  gonadotropic  hormone. 

Thomsen,  O.,  K.  Pedersen-Bjergaard  and  I.  Andersen.  The  action  of  small  quantities  of  progesterone. 
To  appear  in  this  Journal. 

A  brief  account  is  given  of  the  methods  hitherto  employed  for  the  demonstration  of  corpus  luteum 
hormone  (progesterone)  and  its  standardization.  Attempts  to  demonstrate  small  quantities  of  the  hor- 
mone  (fractions  of  one  i.u.)  are  reported.  It  has  not,  however,  yet  been  possible  to  evolve  a  method  that 
can  be  used  in  practice,  though  the  investigations  have  revealed  results  that  are  of  a  certain  biological 
interest.  The  statement  is  first  made  that  the  treatment  of  immature  rats  with  a  substance  containing 
estrone  regularly  produces  a  dilated  uterus  filled  with  secretion  after  72  hours;  a  day  later  (96  hours) 
the  uterus  is  found  to  be  contracted,  empty,  and  with  a  hypertrophied  wall  covered  with  high  cylindrical 
epitheUum.  If  certain  specified  quantities  of  corpus  luteum  hormone  are  given  as  well  as  estradiol 
benzoate  the  individual  phases  of  the  course  of  the  uterine  changes  are  deranged,  the  uterus  being  found 
to  be  either  dilated  or  contracted  after  72  hours  in  accordance  with  the  amount  of  progesterone  added. 
Within  a  certain  zone  of  doses,  which  varied  somewhat  in  individual  tests  but  was  generally  between 
about  1/5  and  1/50  unit  of  a  preparation  extract  from  the  corpora  lutea  of  pigs  (Lutex  Leo),  the  uterus 
was  found  to  be  contracted,  whilst  doses  above  and  below  the  zone  resulted  in  dilated  uterus.  The  con' 
tracted  uterus  occurred  even  when  extremely  small  quantities  of  two  synthetic  crystalline  progesterone 
preparations — ‘Proluton  Schering’  and  ‘Progesterone  Leo’ — were  used.  Biological  action  occurred  in 
rats  from  1/400,000  unit  of  these  preparations,  i.e.  1/400,000  of  the  unit  hitherto  employed. 
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Winchester,  C.  F.  Influence  of  thyroid  on  egg  production.  To  appear  in  this  Journal. 

Thyroidectomy  resulted  in  a  large  decrease  in  egg  production  of  White  Leghorn  hens.  During 
thyroxin  injections  egg  production  of  thyroidectomized  hens  was  restored  to  40  to  60%  of  that  of  normal 
fowls.  The  thyroxin  dosage  partially  restored  the  rate  of  fasting  heat  production. 

WoHL,  M.  G.,  and  J.  B.  Feldman,  M.  D.,  Vitamin  A  deficiency  in  diseases  of  the  thyroid  gland,  its  de¬ 
tection  by  dark  adaptation.  To  appear  in  this  Journal. 

The  physiologic  and  chemical  relationship  between  vitamins  and  hormones  is  discussed.  Vitamin 
deficiencies  in  men  bear  certain  clinical  and  physiologic  resemblances  to  endocrine  disturbances.  The 
coexistence  of  the  two  conditions  in  the  same  patient  may  be  more  common  than  it  is  generally  recog¬ 
nized.  In  pursuance  of  this  thought,  various  endocrinopathies  were  investigated  for  vitamin  A  deficiency 
by  dark  adaptation  study.  The  rationale  and  technique  of  dark  adaptation  are  described.  Fifty -nine  endo¬ 
crine  patients  and  30  nonendocrine  persons  were  studied.  The  dark  adaptation  in  26  patients  with 
pituitary  and  adrenal  disturbances  gave  variable  results.  The  results  in  the  th5n’oid  group  were,  however, 
quite  consistent.  This  group  included  10  patients  with  hyperthyroidism,  6  patients  with  a  syndrome 
simulating  hyperthyroidism,  and  7  patients  with  hypothyroidism.  It  is  suggestive  from  our  studies  that 
hyperthyroidism  destroys  and  depletes  vitamin  A  reserves  in  the  body.  This  is  evidenced  by  the  patho¬ 
logic  dark  adaptation  in  eighteen  of  our  20  patients  with  thyrotoxicosis  (90%).  Patients  with  autonomic 
imbalance  on  the  borderline  of  hyperthyroidism  showed  normal  dark  adaptation  curves  despite  an  ele¬ 
vated  B.M.R.  Prolonged  clinical  and  laboratory  observations  excluded  the  existence  of  hyperthyroidism 
in  these  patients.  One  is  impressed  by  the  close  correlation  between  the  dark  adaptation  readings  and  the 
final  diagnosis  in  these  cases.  In  the  hypothyroid  group  the  dark  adaptation  was  markedly  pathologic  in 
every  instance;  these  findings  and  other  data  reviewed  herein  would  suggest  that  the  thyroid  hormone  is 
essential  for  conversion  of  carotene  and  storage  of  vitamin  A. 

ADRENALS 

Benhamou,  E.,  and  Gille  et  Nouchy.  Eflect  of  adrenalin  on  blood  platelets  and  glycemia  in  insulin 
shock  (L'action  de  I'adrfinaline  sur  les  plaquettes  sanguines  et  la  glycfimie  dans  le  choc  insulinique). 
Compt.  rend.  Soc.  de  biol.  127: 137.  1938. 

In  2  fasting  diabetics  insulin  induced  a  decrease  in  blood  platelets  and  glycemia.  Subsequently  in¬ 
jections  of  adrenalin  caused  a  rise  in  blood  platelets  after  about  ;  min.,  but  failed  to  check  the  drop  in 
glycemia  until  after  about  15  to  20  min.  Repeated  determinations  hour  after  hour  indicated  the  level  of 
blood  platelets  tended  to  rise  again,  as  did  the  glycemia,  after  about  3  hr.  A  second  more  marked  drop, 
especially  of  the  blood  sugar,  occurred  after  5  to  6  hr. — E.  Cutuly. 

Blanchard,  L.  Concerning  the  production  of  adrenalin  by  the  adrenal  gland.  Absence  of  adrenalin  in 
aberrant  adrenal  cortices  of  the  horse  (Au  sujet  de  Taclrfinalinogenese  dans  la  surrfinale.  Absence 
d’adrcnaline  dans  les  cortex  surrfinaux  aberrants  du  cheval).  Compt.  rend.  Soc.  de  biol.  127:  75. 
1938. 

Chemical  and  biological  tests  failed  to  reveal  the  presence  of  any  adrenalin  in  the  cortical  tissue. — 
E.  Cutuly. 

Britton,  S.  W.,  H.  Silvette  and  R.  F.  Kline.  Adrenal  insuflSciency  in  American  monkeys.  Am.  J, 
Physiol.  123:  705.  1938. 

Studies  of  tissues  and  blood  of  9  new-world  monkeys  following  adrenalectomy  showed  changes 
similar  to  those  found  in  other  higher  mammalian  forms.  Serum  Na  and  Cl  were  reduced  and  serum  K 
and  urea  increased.  Unusually  large  changes  in  carbohydrate  metabolism  were  found,  serum  glucose  was 
decreased  on  an  average  of  70%,  and  liver  glycogen  90%.  Muscle  and  cardiac  glycogen  were  also 
significantly  decreased.  Hypoglycemic  convulsions  were  a  prominent  feature  of  adrenal  insufficiency. — 
Lena  Lewis. 

Collins,  D.  A.  and  E.  H.  Wood.  Experimental  renal  hypertension  and  adrenalectomy.  Am.  J.  Physiol. 
123:  224.  1938. 

Hypertension  was  produced  in  normal  dogs  by  constricting  the  renal  arteries  and  then  the  animals 
were  adrenalectomized.  Other  dogs  after  removal  of  the  adrenals  had  the  renal  arteries  constricted.  The 
dogs  were  maintained  on  a  high  Na-low  K  diet  with  addition  of  adrenal  extract  at  critical  periods.  Al¬ 
ready  established  hypertension  gradually  decreased  following  adrenalectomy.  Constriction  of  the  renal 
arteries  of  adrenalectomized  dogs  led  to  the  development  of  hypertension.  This  elevation  in  blood  pres¬ 
sure  was  poorly  maintained.  The  blood  pressure  did  not  in  any  of  the  adrenalectomized  dogs  with  hyper¬ 
tension  descend  to  normal  levels.  The  plasma  Na  eventually  fell  and  the  K  showed  some  rise  which 
would  indicate  that  the  supportive  therapy  was  not  entirely  adequate. — Lena  Lewis. 
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Dingeuanse,  E.  and  E.  Laqueur.  Occurrence  of  abncx'mally  large  quantities  of  testis  hormone  in  urine 
of  patients  with  adrenal  tumor.  }{ederl.  tijdxhr.  v.  geneesl(.  82:  4166.  1938. 

Dingemanse  and  Laqueur  say  that  the  clinical  picture  of  virilism  in  women  suggests  that  an  in' 
creased  production  of  testis  hormone  (comb'growth'promoting  substance)  might  be  a  causal  factev  in  this 
condition.  In  several  cases  of  hirsutism  without  adrenal  tumor  they  were  able  to  detect  a  moderate  in' 
crease  in  the  testis  hormone  content  of  the  urine.  Whereas  the  normal  content  of  the  urine  varies  be' 
tween  40  and  50  i.u.  per  Uter,  in  women  with  hirsutism  it  was  found  to  be  between  75  and  150  i.u.  In  3 
patients  with  adrenal  tumor  the  testis  hormone  content  of  the  urine  varied  between  600  and  2,200  i.u. 
and  the  diagnosis  of  tumor  of  the  adrenals  was  corroborated  by  pathologic'anatomic  observations.  The 
authors  cite  3  other  cases  of  hirsutism  in  which  an  adrenal  tumor  was  suspected.  The  results  of  the 
determination  of  testis  hormone  in  the  urine  of  these  patients  did  not  justify  the  diagnosis  of  tumor  of  the 
adrenals.  The  authors  admit  that  their  material  is  as  yet  too  small  to  warrant  generalizing  conclusions. 
Nevertheless,  they  regard  the  large  quantities  of  comb'growth'promoting  substance  excreted  by  the  3 
patients  with  hypernephroma  as  worthy  of  attention.  In  the  other  patients  with  hirsutism  of  different, 
mostly  unknown,  origin  the  testis  hormone  content  was  only  moderately  increased.  It  is  suggested  that  a 
simultaneous  increase  in  the  estrogenic  substances  may  prove  to  be  of  diagnostic  value. — Abstract  from 
/.A.M.A. 

Eliason,  E.  L.  Cortical  adrenal  tumors.  Report  of  4  unusual  cases.  Internat.  Clin.  2: 221. 1938. 

The  4  cases  are  described  in  detail.  Case  i  illustrates  a  correct  diagnosis,  successful  operative  removal 
and  a  good  recovery  with  consequent  physical  sex  changes  approaching  normal.  Case  2  illustrates  the 
possibihty  of  a  cortical  tumor  appearing  in  an  ectopic  “interrenal”  gland.  The  patient  succumbed  be' 
cause  of  extreme  shock  incident  to  adrenal  surgery.  Case  3  illustrates  the  danger  of  attacking  one  adrenal 
gland  without  demonstration  of  the  existence  of  the  other.  The  patient  had  no  left  adrenal  and  died  of 
shock.  Case  4  illustrates  the  occurrence  of  hemorrhage  as  being  the  first  symptom  experienced  by  the 
patient,  the  difficulty  of  diagnosis  in  the  circumstances,  and  the  extreme  malignancy  and  rapidity  of  gen' 
cralized  metastasis.  The  author  emphasizes  the  fact  that  cortical  adrenal  tumors  can  be  diagnosed  clinically 
but  must  be  identified  as  to  right  or  left  by  perirenal  air  injection  (a  procedure  fraught  with  some  danger) 
plus  X'Tays  or  by  palpation  of  the  mass. — I.B. 

Fontaine,  R.,  and  P.  Mandel.  Immediate  and  late  effects  of  subtotal  bilateral  adrenalectomy  with  seC' 
tion  of  the  splanchnic  nerves  on  chronic  experimental  hyi^ertsmsion  (Les  effets  immfidiats  et  lointains 
de  la  surrfinalectomie  bilateral  subtotale,  completfie  par  la  section  des  nerfs  splanchniques,  sur 
rhypertension  chronique  expfirimentale  d’origine  frfeatrice).  Compt.  rend.  Soc.  de  biol.  127:  448 
1938. 

In  two  dogs  the  surgical  procedure  temporarily  reduced  the  blood  pressure  which  later  rose  to  more 
than  20  cm.  Hg.  This  hypertension  continued  for  more  than  2  yeiirs. — E.  Cutuly. 

Fustinoni,  O.  Asthenia  of  adrenal  insufficiency  in  toads  (La  astenia  de  la  insufficiencia  suprarrenal  del 
sapo).  Rev.  Soc.  Argent,  de  Biol.  14:  304.  1938. 

In  Bufo  arenarum  after  diathermocauterization  entailing  total  destruction  of  both  adrenals  asthenia 
appeared  a  few  hours  before  death,  which  occurred  on  the  4th  ro  nth  day  after  operation.  This  contrasts 
with  asthenia  following  hypophysectomy  which  appeared  12  to  25  days  after  operation  and  persisted  for 
several  days  increasing  gradually  in  severity.  Asthenia  in  adrenal  insufficiency  began  by  a  slowing  of  the 
postural  (righting)  reflexes,  without  loss  of  sensibility  or  paralysis;  reflexes  were  easily  fatigued  and  their 
rheobase  increased.  Very  rarely  spontaneous  convulsions  were  observed.  The  chronaxie  and  rheobase  of 
nerve  and  muscle  were  imaltered  up  to  the  premortal  stage,  when  they  increased.  Fatigue  curves  obtained 
by  stimulation  of  the  muscle  or  nerve  were  similar  to  those  of  normal  controls,  even  when  there  was 
marked  asthenia.  Muscle  glycogen  showed  Uttle  variation  from  the  normal,  basal  lactic  acid  and  lactic 
acid  fOTmed  during  tetanization  were  normal.  Lactic  acid  removal  was  somewhat  delayed.  Potassium  de' 
creased  in  muscle  and  more  markedly  in  the  central  and  peripheral  nervous  tissue. — ^J.  T.  L. 

Fustinoni,  O.,  and  S.  A.  Parodi.  Blood  of  adrenalectomizcd  toads  (La  sangre  de  los  sapos  suprarrenopri' 
vos).  Rev.  Soc.  Argent,  de  Biol.  14;  215.  1938. 

Toads  with  their  adrenals  destroyed  by  diathermo  coagulation,  were  observed  48  and  96  hr.  after 
operation,  once  asthenia  was  marked.  Constrols  had  an  equivalent  area  of  kidney  cauterized.  The  red  cell 
count  and  hemoglobin  concentration  was  lower  in  the  adrenalectomized  than  in  the  controls;  shock  pro' 
duces  ohgocythemia  in  this  species,  contrary  to  what  occurs  in  mammals.  The  total  quantity  of  Hb 
(determined  by  bleeding  and  washing  out  the  vascular  system)  was  normal.  No  significant  variations 
were  observed  in  the  white  cell  count.  Blood  coagulation  time  and  bleeding  time  were  shghtly  prolonged. 
Eritrosedimentation  was  the  same  in  the  operated  and  controls.  Total  plasma  proteins  were  diminished 
in  the  operated,  the  A:G  ratio  was  slightly  higher,  and  N.P.N.  was  increased. — J.  T.  L. 
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Griffith,  F.  R.,  Jr.,  Julia  E.  Lockwood  and  F.  E.  Emery.  Adrenalin  and  blood  lactic  acid:  effect  of 
evisceration.  Am.  J.  Physiol.  11  j:  4ja.  1938. 

The  authors’  purpose  was  to  study  the  effect  of  intravenously  injected  adrenalin  on  the  blood 
lactic  acid  of  eviscerated  animals  (in  which  the  abdominal  alimentary  canal,  pancreas  and  spleen  had  been 
removed  or  the  liver  immobilized).  For  this  series  of  experiments  about  50  cats  were  used.  Blood  lactic 
acid  was  determined  by  the  method  of  Friedemann,  Cotonio  and  Shaffer.  Intravenous  injections  of 
adrenalin  into  chloralose  anesthetized  cats  at  rates  of  0.001, 0.001, 0.003  and  0.004  mg.  per  kg.  per  min. 
for  5  min.  during  the  second  and  third  hrs.  after  evisceration  usually  produced  a  temporary  decrease  in 
blood  lactic  acid  concentration;  such  increases  as  occasionally  occurred  were  much  smaller  than  were 
produced  by  corresponding  rate  of  injection  into  intact  animals.  It  would,  therefore,  seem  doubtful  that 
the  increased  blood  lactic  acid  following  injection  of  adrenalin,  under  the  conditions  of  these  experi' 
ments,  came  in  any  considerable  part,  from  augmented  glycolysis  of  skeletal  muscle. — K.  A.  Brownell. 

Hoen,  E.,  and  C.  Obhme.  Prevention  of  thyroxin-induced  adrenal  hypertrophy  by  lactoflavin  (Lacto" 
flavin  verhindert  die  nebennieren  Hypertophie  der  experimental  Hyperthyreose).  Klin.  Wchnschr. 
17:  4yi.  1938. 

It  is  recalled  that  thyroxin  produces  adrenal  cortical  atrophy  even  in  hypophysectomized  animals, 
and  that  in  the  normal  animal  the  effect  is  produced  by  the  injection  of  amounts  of  thyroxin  too  small  to 
produce  the  other  well  known  effects.  Previous  work  had  shown  that  neither  vitamin  B  nor  C  would 
prevent  the  cortical  hypertrophy.  In  the  present  experiments  the  administration  of  25  to  507  of  lacto- 
flavin  prevented  the  hypertrophy  expected  from  the  simultaneous  injection  of  3^7  of  thyroxin  per  100  g. 
of  guinea  pig  daily. — M.  H.  F. 

Hoffmann,  F.  Content  of  gonadotropic  substance  in  adrenal  cortex  of  different  animals  (Uber  den  Gehalt 
der  Nebennierenrinde  an  gonadotroper  Substan  bei  verschiedenen  Tierarten).  Endolfrinol.  20:  225. 
1938. 

Extracts  of  fresh  adrenal  cortex  prepared  from  mature  female  slaughterhouse  animals  were  injected 
into  female  rats  weighing  7;  to  90  g.  The  rats  were  killed  after  5  days  and  their  ovaries  were  weighed  and 
studied  histologically.  It  was  found  that  the  adrenal  cortex  of  the  cow  had  the  greatest  content  of  gonado¬ 
tropic  substance,  while  that  of  the  sheep  held  distinctly  less.  The  adrenals  of  swine,  even  when  large 
doses  were  employed,  yielded  no  gonadotropic  substance. — W.  J.  A. 

Marenzi,  a.  D.  K  Balance  in  adrenalectomized  rats  (Balance  de  potasio  en  las  ratas  suprarrenoprivas). 
Rev.  Soc.  argent,  de  biol.  14:  357.  1938. 

Rats  of  120  to  150  g.  were  given  a  standard  diet  containing  172.6  mg.K%,  they  increased  in  weight 
and  retained  an  average  40%  of  K  ingested.  After  a  week  of  this  treatment  they  were  adrenalectomized, 
the  appetite  diminished  and  ingestion  of  food  and  K  decreased  by  43^.  The  retention  of  K  decreased 
both  in  total  amount  and  relatively  to  that  ingested,  in  some  cases  a  negative  balance  was  observed.  The 
weight  of  feces  was  reduced  by  35%:  diuresis  occurred,  an  increase  of  33%  having  been  observed;  both 
in  feces  and  in  urine  the  percentage  of  K  was  diminished.  This  is  considered  as  proof  favorable  to  the  idea 
of  an  alteration  in  renal  excretion.  Cortico-adrenal  extract  administered  to  adrenalectomized  rats  corrected 
these  alterations  to  a  certain  extent,  the  loss  of  weight  was  less  marked,  appetite  improved,  but  food  in- 
gestion  remained  below  the  normal,  excretion  of  feces  and  urine  returned  to  normal  figures;  the  retention 
and  elimination  of  K  approximated  the  normal. — ^J.  T.  Lewis. 

Marenzi,  A.  D.  Potassium  in  tissues  of  adrenalectomized  rats.  (El  potasio  de  los  tejidos  en  las  ratas 
suprarrenoprivas).  Rev.  Soc.  argent,  de  Biol.  14:  275.  1938. 

The  adrenals  of  rats  were  extirpated  and  the  animab  killed  4,  8,  25  and  60  days  after  operation. 
Adrenalectomy  is  not  fatal  in  thb  strain  of  rats  due  to  the  large  number  of  accessory  glands  found.  In 
the  liver  and  heart  the  K  concentration  diminbhed  markedly,  the  maximum  decrease  occurred  25  days 
after  operation.  In  muscle  no  significant  alteration  in  K  concentration  was  observed,  sometimes  a  slight 
fall  occurred.  In  the  brain  there  was  no  change  in  K  concentration.  Glycogen  decreased  in  muscle  and 
liver;  K  increased  and  Na  and  glucose  decreased  in  the  blood.  All  these  changes  were  more  or  less  com¬ 
pensated  by  the  6oth  day  after  operation.  Injection  of  cortico-adrenal  extract  immediately  after  operation 
and  during  8  days,  prevented  the  appearance  of  these  modifications  in  blood  and  tbsues,  normal  figures 
were  found  except  in  muscle  and  brain  where  slightly  high  figures  for  K  were  seen.  The  amount  of  K 
lost  by  liver  and  heart  b  much  larger  than  that  retained  in  the  blood  of  adrenalectomized  rats. — J.  T.  L. 

Marenzi,  A.  D.  Tolerance  of  adrenalectomized  rats  to  intraperitoneal  injections  of  K  (Tolerancb  de  las 
ratas  suprarrenoprivas  al  potasio  inyectado  por  via  intraperitoneal).  Rev.  Soc.  argent,  de  biol.  14: 
377.  1938. 

Female  rats  of  120  to  160  g.  were  adrenalectomized  and  8  days  bter  injected  intraperitoneally  10  cc. 
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of  a  solution  of  NaCl  0.7%  and  KCl  o.i^,  others  received  NaCl  0.8%.  The  urine  was  collected  and  K 
concentration  determined  during  10  hr.  following  the  injection.  Normal  rats  excreted  twice  the  volume 
of  urine  excreted  by  adrenalectomizcd  rats.  Adding  K  to  the  NaCl  solution  increased  diuresis  by  30%  in 
normal  rats  and  only  10%  in  adrenalectomized  rats.  In  rats  treated  with  corticoadrenal  extract  since 
operation,  diuresis  was  almost  of  the  same  magnitude  as  in  normal  ones  and  increase  produced  by  K  was 
22%.  K  injected  was  retained  by  normal  and  adrenalectomized  rats,  more  completely  by  these  last;  an 
increase  in  blood  K  was  seen.  Adrenalectomized  rats  treated  with  corticoadrenal  extract  eUminated  more 
K  in  higher  concentration  than  normal  and  not  treated  adrenalectomized  rats.  Large  doses  of  K  (20  mg.) 
were  toxic  for  adrenalectomized  rats,  they  suppressed  urine  excretion. — ^J.  T.  L. 

Parkins,  W.  M.,  W.  W.  Swingle,  A.  R.  Taylor  and  H.  W.  Hays.  Effect  of  adrenal  cortical  hormone 

upon  the  circulatory  collapse  of  adrenalin  shock.  Am.  J.  Physiol.  123: 668.  1938. 

A  tolerance  was  developed  in  dogs  following  repeated  injections  of  adrenalin  so  that  doses  that 
would  be  lethal  if  given  initially  were  not  if  given  a  few  weeks  after  smaller  injections.  0.73  mg./kg.  was 
an  approximate  m.l.d.  on  initial  injection.  Intense  congestion  of  vascular  periphery  was  found  in  fatal 
adrenalin  shock.  Electrolyte  studies  on  serum  from  dogs  in  shock  showed  no  significant  changes.  No  dis' 
turbance  in  water  balance  was  observed.  Cortical  extract  had  a  marked  restorative  effect  on  dogs  in  cob 
lapse.  It  appeared  to  function  by  restoring  the  tone  of  the  capillaries. — Lena  Lewis. 

PoTTENGER,  F.  M.,  Jr.,  AND  F.  M.  PoTTENGER.  Adrenal  cortex  in  treating  childhood  asthma.  Clinical 

evaluation  of  its  use.  California  &  West.  Med.  49:  271. 1938. 

The  authors  employed  a  crude  extract  of  the  adrenal  cortex,  together  with  epinephrin  given  orally 
in  a  group  of  50  cases  of  refractory  asthma  in  children  treated  over  a  period  of  a  year  or  more.  In  84% 
there  was  improvement  in  allergic  symptoms.  Physical  improvement  occurred  in  90%.  Of  35  boys  treated, 

6  presented  non^descent  of  one  or  both  testes;  all  6  showed  descent  under  treatment.  Evidence  of  thyroid 
or  genital  disturbance  was  obtained  in  74%  of  the  mothers  of  the  patients.  Some  40  of  the  50  patients 
were  beyond  normal  standards  in  height. — I.  B. 

Raab,  W.  Adrenals  and  angina  pectoris  (Pathogenesis  and  Roentgen  Therapy).  Wien.  Klin.  Wchnschr. 

51:635.  1938. 

To  each  of  the  two  paravertebral  adrenal  fields  the  roentgen  irradiations  are  applied  in  doses  of  3 
times  200  roentgens  with  180  kilovolts  and  4  milliamperes  through  a  filter  consisting  of  0.5  mm.  of  Cu 
and  I  mm.  of  Al.  A  tabular  report  lists  17  cases  of  angina  pectoris  in  which  the  roentgen  therapy  was 
employed,  but,  in  all,  96  cases  have  been  treated  by  the  author  with  this  method,  58  of  which  have  been 
under  observation  for  more  than  6  mo.  Forty  of  the  latter  58  patients  are  either  considerably  improved  or 
entirely  free  from  complaints.  In  17  of  these  cases  a  single  series  of  irradiations  was  sufficient,  14  required 
2  series  and  9  required  3  series.  In  5  cases  temporary  relapses  occurred.  Only  4  of  the  96  patients  treated 
with  this  method  during  the  last  18  mo.  died.  On  the  basis  of  his  own  experiences  and  of  the  results  ob- 
tained  by  Hadorn  in  Berne,  the  author  concludes  that  roentgen  irradiations  of  the  adretuls  is  the  method 
of  choice  in  suitable  cases  of  angina  pectoris. — From  abstract  in  J.A.M.A. 

Roome,  N.  W.  The  effects  of  intra-arterial  epinephrin  on  the  blood  flow  in  an  extremity.  Am./.  Physiol. 

123:  543.  1938. 

Epinephrin  in  the  smallest  effective  doses  (0.025  to  o.i  X 10*  g.)  and  above  usually  gave  both  dilata¬ 
tion  and  constriction  when  injected  into  the  femoral  artery  of  the  dog.  These  two  phases  varied  in  their 
time  relationship  according  to  the  rate  of  flow  (determined  by  a  stromuhr).  This  correlation  indicates 
that  the  site  of  the  dilatation  is  in  the  capillary,  and  that  the  constriction  is  in  the  artery  and  arteriole. — 
F.  A.  H. 

Sato,  H.,  M.  Hatano  and  T.  Muto.  Epinephrine  output  rate  after  atropine.  Toho\u  J.  Exper.  Med. 

34:  289.  1938. 

The  authors  experimented  on  5  dogs  to  determine  the  influence  of  atropine  upon  the  rate  of  dis¬ 
charge  of  epinephrine  from  the  suprarenal  capsule.  Atropine  was  administered  intravenously  in  doses 
varying  from  5  to  10  mg.  per  kilo  of  body  weight.  The  suprarenal  vein  blood  was  used  to  estimate  the 
concentration  of  epinephrine  by  the  rabbit  intestine  segment  method  and  the  blood  sugar  by  the  Hagc- 
dom-Jensen  method.  It  was  found  that  atropine  accelerated  the  rate  of  output  of  epinephrine  from  two 
to  three  times  its  pre-injection  level.  This  acceleration  usually  set  in  from  5  to  10  min.  after  the  injection 
and  lasted  about  i  hr.  The  rate  of  output  of  blood  sugar  increased  parallel  with  that  of  epinephrine. — 
Margaret  Baptist. 

Sazawa,  N.  Epinephrine  load  of  the  suprarenal  gland  of  atropinized  rabbits.  Toho)(u  /.  Exper.  Med.  34: 

277. 1938. 

Experiments  were  done  to  discover  the  amount  of  epinephrine  in  the  suprarenal  glands  of  rabbits 
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poisoned  with  atropine.  Six  rabbits  were  used  as  controls.  Their  left  splanchnic  nerves  were  cut,  and  10 
to  II  days  later  the  suprarenals  were  assayed  for  epinephrine  by  the  corrosive  sublimate  method  of  Suto- 
Kojima.  A  second  group  of  5  were  given  atropine  subcutaneously  10  days  after  double  splanchnicotomy 
in  doses  varying  from  9  to  17  mg.  per  kilo  of  body  weight.  They  were  killed  5  min.  after  injection.  The 
content  of  epinephrine  was  15%  less  than  that  of  the  control  group.  A  third  group  was  given  41  to  71 
mg.  of  atropine  per  kilo  of  body  weight  10  days  after  their  splanchnic  nerves  had  been  unilaterally 
sectioned.  One  hour  after  the  last  injection  the  rabbits  were  killed  and  the  suprarenals  removed.  It  was 
found  that  the  amount  of  epinephrine  was  smaller  at  this  period  of  atropine  poisoning  than  in  the  groups 
previously  described.  Then  normal  rabbits  were  given  large  doses  of  atropine  varying  from  35  to  135  mg. 
per  kilo  of  body  weight  during  a  period  of  4  to  5  hr.  and  were  killed  an  hour  after  that.  There  was  also 
a  decrease  in  the  content  of  epinephrine  in  these  animals  as  well. — Margaret  Baptist. 

Secker,  J.  The  suprarenals  and  the  transmission  of  the  activity  of  the  sympathetic  nerves  of  the  cat* 
J.  Physiol.  94: 159.  1938. 

The  author  had  previously  noted  a  progressive  failure  of  retraction  of  the  nictitating  membrane  in 
response  to  nerve  stimulation  in  the  adrenalectomized  cat.  This  phenomena  was  studied  on  an  extensive 
but  unreported  number  of  animals  after  ligation  of  the  adrenal  blood  supply  or  adrenalectomy  by  electro- 
cautery.  A  membrane  exhausted  by  repeated  stimuli  could  be  stimulated  by  adrenaline  and  its  response 
to  nerve  excitation  momentarily  restored.  Ckimplete  recovery  could  be  restored  within  5  to  10  min.  by 
intravenous  injection  of  adrenal  cortex  extract.  This  exhaustion  and  post<ortin  recovery  was  repeatable. 
The  effect  was  also  obtained  with  the  mesenteric  nerves  of  isolated  intestinal  loops.  That  the  failure  of 
the  nictitating  mechanism  was  not  due  to  the  moribund  condition  of  the  animal  was  shown  by  constant 
blood  pressure  recordings  and  control  contractions  of  the  non-stimulated  membrane  of  the  opposite  eye. 
The  author  believes  that  a  store  of  the  precursor  of  the  neuro-muscular  transmitting  agent  is  replaced 
under  the  influence  of  adrenal  cortical  extract. — R.  L.  Z. 

Simpson,  S.  L.  Use  of  synthetic  desoxycorticosterone  acetate  in  Addison's  disease.  Lancet  1:  557. 1938. 

Simpson  found  a  synthetic  product,  desoxycorticosterone  acetate,  approximating  in  chemical  for¬ 
mula  to  corticosterone,  effective  in  a  patients  with  Addison's  disease.  It  has  a  therapeutic  action  in 
Addison's  disease  similar  to  that  of  extract  of  the  suprarenal  cortex  (cortin).  From  the  cases  recorded  it 
appears  that  6  mg.  of  desoxycorticosterone  acetate  (i  cc.  of  oily  solution)  is  equivalent  to  more  than  5  but 
less  than  ao  cc.  of  cortin.  The  first  patient  with  severe  suprarenal  insufficiency,  gave  an  equivocal  re¬ 
sponse,  but  the  second  was  undoubtedly  benefited  to  a  far  greater  degree  than  when  receiving  cortin. 
The  injections  were  given  intramuscularly  and  were  not  painful,  although  a  transient  localized  stinging 
sensation  sometimes  resulted. — Abstract  from  J.A.M.A. 

Taneiti,  Y.  The  variation  of  the  blood  gas  content  in  rabbits  poisoned  with  peptone,  and  the  supra- 
renals.  Toholfu  J.  Exper.  Med.  33:  489.  1938. 

The  following  rabbits  were  injected  with  peptone  in  doses  varying  from  o.i  to  i.i  gm.%  of  body 
weight:  10  normal  rabbits,  12  doubly  suprarenalectomized  and  8  doubly  splanchnicotomized.  The  COj 
and  Oj  content  of  the  blood  of  each  was  determined  before  and  after  injection.  It  was  found  that  there 
was  not  much  change  in  the  content  of  gas  in  the  blood  of  the  normal  animals.  The  002  content  of  the 
blood  of  the  rabbits  deprived  of  their  suprarenals  or  of  their  splanchnic  nerves  was  reduced  somewhat 
after  peptone  injections.  There  was  no  definite  change  in  the  O2  content  of  their  blood. — Margaret 
Baptist. 

Verne,  J.,  and  L£ger.  Effect  of  denervation  of  carotid  sinus  on  the  structure  of  the  suprarenals  (Action 
de  I'enfirvation  sinucarotidienne  sur  la  structure  des  capsules  surrenales).  Ann.  d'atuit.  path.  15: 
94.  1938. 

From  4  to  80  days  after  bilateral  denervation  of  the  carotid  sinus  in  5  dogs  the  glomerular  zone  of  the 
suprarenab  was  hyperplastic  and  enlarged. — A.  T.  R. 

VerzAr,  F.,  and  L.  Laszt.  Vitamin  B2  and  the  hormone  of  the  adrenal  cortex  (Vitamin  B2  und  Neben- 
nieren-Rinden-hormone).  Enzymologia  3;  16. 1937. 

Young  adrenalectomized  rats  receiving  no  adrenal  cortex  hormone  survive  if  given  lactoflavinphos- 
phoric  acid,  but  not  if  given  lactoflavin  itself.  Cortex  hormone  converts  lactoflavin  into  lactoflavinphos- 
phoric  acid,  and  hence  preserves  life  in  the  rats  only  if  the  diet  contains  the  former.  The  optimal  amount 
of  lactoflavin  for  survival  is  0.02  mg.  per  rat  (wt.  20  to  50  gm.)  daily. — Physiol.  Abst. 

Wada,  M.,  H.  Tanaka,  T.  Hirano  and  Y.  Taneiti.  The  effect  of  morphine  administration  upon  the 
output  rate  of  epinephrine,  blood  sugar  level  and  blood  presure  in  normal  and  tolerant  dogs.  Toho^u 
J.  Exper.  Med.  34:  52.  1938. 

Healthy  dogs  were  used  to  determine  the  rate  of  output  of  epinephrine,  the  level  of  blood  pressure 
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and  the  concentration  of  blood  sugar  after  administration  of  morphine.  About  one  month  before  the 
experiment,  the  dorsal  spinal  roots  from  the  10th  dorsal  to  the  yd  lumbar  vertebra  were  severed  bi> 
laterally.  The  suprarenal  vein  blood  was  sampled  before  injection  of  morphine,  j  to  5  min.  afterwards, 
and  at  intervals  thereafter.  The  blood  pressure  and  the  content  of  blood  sugar  were  measured  almost 
simultaneously  with  the  collection  of  suprarenal  blood.  Intravenous  injections  of  8  mg.  of  morphine  per 
kilo  of  body  weight  in  a  1%  solution  were  given  to  dogs  which  had  no  tolerance  for  that  dose  with  or 
without  previous  repeated  injections  and  to  those  which  had  developed  a  tolerance  for  it.  It  was  found 
that  after  the  normal  dogs  were  given  morphine,  their  blood  pressure  fell  and  a  deep  narcosis  developed. 
The  rate  of  output  of  epinephrine  was  increased;  the  greatest  rate  occurred  4  to  5  min.  after  injection. 
The  highest  level  of  blood  sugar  was  reached  within  ly  to  60  min.  after  injection.  Bradycardia  occurred 
in  the  later  stages.  When  the  dogs  had  acquired  a  full  tolerance  to  morphine,  the  circulatory,  hypergly- 
caemic  and  hyperepinephrinaemic  effect  and  the  bradycardia  did  not  occur. — Margaret  Baptist. 

Walters,  W.,  and  E.  J.  Kepler.  Adrenal  cortical  tumors  and  their  treatment:  Study  of  seven  operated 

cases.  Ann.  Surg.  107:  881.  1938. 

The  authors  state  that  7  consecutive  patients  who  had  adrenal  cortical  tumors  operated  on  at  the 
Mayo  Clinic  between  1924  and  19J7  recovered.  All  7  patients  presented,  in  varying  degrees,  the  signs 
and  symptoms  referred  to  as  the  ‘adrenal  cortical  syndrome.’  In  y,  the  removal  of  an  encapsulated  tumor 
resulted  in  prompt  regression  of  symptoms.  In  the  other  two  patients  the  carcinomatous  tumor  had 
penetrated  the  acrenal  capsule  and,  within  a  period  of  18  mo.  after  its  removal.,  the  tumor  recurred  with 
fatal  consequences.  Since  most  adrenal  cortical  tumors  are  relatively  malignant  but  in  the  early  stages 'are 
definitely  encapsulated,  it  is  important  to  make  the  diagnosis  early  and  to  remove  the  lesion  before  the 
cells  have  penetrated  the  capsule  and  invaded  adjacent  structures. — From  abstract  in  /.  A.M.A. 

Walters,  W.,  and  E.  J.  Kepler.  Surgical  lesions  of  adrenal  glands.  /.A.M.A.  iii:  1061. 1938. 

The  authors  point  out  that  symptoms  produced  by  a  tumor  of  the  adrenal  cortex  depend  on  the  sex 
and  age  of  the  patient  at  the  time  the  tumor  begins  to  function.  These  tumors  are  encountered  most  fre^ 
quently  among  women  and  are  characterized  by  variable  changes  in  secondary  sexual  characteristics, 
such  as  cessation  of  menstruation,  occasionally  hypertrophy  of  the  cUtoris,  abnormal  growth  of  hair  with 
masculine  distribution  and  characteristic  lesions  of  the  skin  such  as  a  florid  complexion  accompanied  by 
acne  and  purplish  striations.  Among  girls,  tumors  of  the  adrenal  cortex  tend  to  produce  precocious  pu' 
berty  which  is  more  masculine  than  feminine  in  character.  The  disease  seldom  occurs  among  males,  either 
young  or  old.  It  is  characterized  by  precocious  puberty  of  the  masculine  type  in  boys  and  by  feminism 
in  the  male  adult.  The  difficulty  in  making  a  diagnosis  arises  from  the  fact  that  the  clinical  picture  is  not 
pathognomonic.  Similar  clinical  pictures  result  from  any  one  of  a  number  of  diversified  pathologic  proc' 
esses,  such  as  hyperplasia  of  the  adrenal  cortices  with  or  without  thymic  tumors,  tumors  of  the  gonads 
and  various  intracranial  lesions  not  directly  involving  the  pituitary  body.  Routine  laboratory  studies 
have  been  of  Uttle  aid  in  differential  diagnosis  although  the  presence  of  a  high  content  of  estrogenic  sutv 
stance  in  the  urine  is  suggestive  of  the  presence  of  adrenal  cortical  carcinoma  provided  pregnancy  is 
excluded.  Injection  of  air  about  the  adrenal  gland  has  been  of  aid  in  localizing  some  of  the  adrenal  tumors. 
In  forty  reported  cases  in  which  operation  was  perfumed,  the  mortality  was  approximately  ?o%.  The 
authors  believe  that  the  absence  of  mortaUty  in  7  consecutive  cases  in  which  operation  was  performed 
at  their  clinic  is  attributable  to  an  increased  understanding  of  the  disturbance  of  physiologic  processes 
which  follows  removal  of  almost  all  hyperfunctioning  tumors  of  the  endocrine  system  and  to  an  increased 
knowledge  of  the  pathologic  physiology  of  Addison's  disease.  Improved  methods  of  treating  acute  adrenal 
insufficiency  have  thereby  been  developed.  These  consist  primarily  of  administration  of  large  quantities 
of  sodium  chloride  and  sodium  citrate,  daily  administration  of  an  adequate  amount  of  adrenal  cortex 
extract  and  the  use  of  a  low  potassium  diet,  throughout  the  entire  postoperative  period.  The  most  im- 
portant  medullary  tumor  is  benign  in  character  and  is  characterized  clinically  by  attacks  of  paroxysmal 
hypertension.  The  most  accurate  surgical  approach  to  the  adrenal  glands  has  been  through  retroperitoneal 
and  posterolumbar  incisions. — Abstract  service  /.A.M.A. 

Wilder,  R.  M.  Recent  clinical  and  experimental  observations  in  adrenal  insufficiency.  Internat.  Clin.  3: 

1.  1938- 

A  valuable  review  that  does  not  lend  itself  to  abstracting.  Wilder  emphasizes  the  important  practi¬ 
cal  fact  that  the  administration  of  cortin  prevents  the  regeneration  and  growth  of  transplanted  adrenal 
tissue,  and  that  injections  of  large  amounts  of  cortin  into  normal  rats  causes  atrophy  of  the  cortices  of 
their  adrenal  glands  probably  due  to  a  dampening  influence  on  the  adrenotropic  activity  of  the  pituitary. 
This  should  warn  against  prolonged  cortin  treatment  of  patients  with  nondescript  asthenias. — 1.  B. 

ENDOCRINE  GENERAL 

Bochner,  S.  j.,  and  j.  E.  Scarfp.  Teratoma  of  the  pineal  body.  Arch.  Surg.  36:  303. 1938. 

Bochner  and  Scarff  advocate  the  theory  that  the  impulse  for  embryonal  tumor  formation  within  the 
pineal  body  originates  in  an  inherent  multipotentiality  in  the  primitive  cells  of  the  pineal  body  similar 
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to  that  in  cells  of  the  testis  and  ovary.  They  report  a  new  case  of  teratoma  of  the  pineal  body  in  which  a 
unique  feature  was  the  presence  of  teeth  in  all  stages  of  development,  up  to  the  adult  form.  Such  forma* 
tions  have  not  been  reported  in  a  case  of  teratoma  of  the  pineal  body  prior  to  this  time.  Similarly  unique 
formations  were  seen  in  the  extensive  development  of  structures  identified  with  the  nasopharynx  and 
with  the  thyroid  gland — Abstract  from  Arch.  }{eurol.  &  Psychiat. 

Dantchaxoff,  V.  A  simple  method  for  insuring  a  continuous  supply  of  hormone  to  an  organism  (Une 
mfithode  simple  pour  assurer  4  I'cffganisme  un  afflux  continuel  d'hormones).  Compt.  rend.  Soc.  de 
biol.  117:  995.  1938. 

A  method  is  described  by  which  bird  embryos  may  receive  a  continuous  supply  of  male  hormone. 
This  is  done  by  implanting  in  the  muscular  of  the  embryo  a  multi-perforated  celloidin  capsule  containing 
a  semi-solid  mass  of  crystals  in  oil.  The  capsule  is  made  by  dipping  a  needle  in  celloidin,  then  withdrawing 
it  and  plunging  it  into  alcohol  to  harden  the  celloidin.  The  capillary  tube  thus  formed  is  slipped  off  the 
needle,  trimmed,  perforated,  and  filled  with  a  supersaturated  solution  of  hormone.  Finally  the  ends  of  the 
tube  are  sealed  with  celloidin. — E.  Cutuly. 

Ford,  F.  R.,  and  H.  Guild.  Precocious  puberty  following  encephalitis.  Bull.  Johns  Hoplpns  Hasp.  60: 
191.  1937. 

Two  young  girls  showed  precocious  sexual  development  after  measles  encephalitis,  and  a  boy,  pre¬ 
mature  development  of  the  sex  organs  as  well  as  sexual  misbehavior  after  epidemic  encephalitis.  A  survey 
of  the  literature  indicates  that  destructive  lesions  in  the  region  of  the  pineal  body  and  in  the  walls  of  the 
third  ventricle  may  result  directly  or  indirectly  in  the  syndrome  of  macrogenitosomia  praecox.  Cases  are 
cited  in  which  this  syndrome  was  associated  not  only  with  a  tumor  arising  in  the  region  of  the  pineal 
body  but  with  a  tumor  of  the  hypothalamus.  The  same  syndrome  is  known  to  follow  inflammatory 
processes,  such  as  meningitis,  meningoencephalitis  and  epidemic  encephalitis.  The  information  available 
indicates  that  the  pineal  body  does  not  play  a  significant  rdle  in  the  production  of  macrogenitosomia 
praecox,  for  the  gland  is  normal  in  many  cases  in  which  this  syndrome  is  fully  developed  and  destruction 
of  the  pineal  body  may  be  followed  by  no  apparent  change  in  the  genital  organs.  The  authors  have 
failed  to  find  a  single  instance  in  which  definite  macrogenitosomia  praecox  was  associated  with  a  verified 
pinealoma. — Abstract  from  Arch.  >ieurol.  &  Psychiat. 

Maltzberg,  B.  Outcome  of  insulin  treatment  of  one  thousand  patients  with  dementia  praecox.  Psychiat. 
iluart.  11:  528.  1938. 

Numerous  reports  have  been  published  of  favorable  results  from  the  Sakel  insulin  method  of  treat¬ 
ing  schizophrenia  but  statistical  vahdation  of  the  claims  has  heretofore  been  lacking.  Since  1936  over  a 
thousand  patients  have  been  treated  in  the  New  York  State  Hospital  Hospital  service  (1039  March  i, 
1938).  The  results  were  compared  with  those  obtained  in  a  similar  number  of  cases  under  routine  hospital 
care.  A  detailed  statistical  analysis  of  the  data  is  offered.  It  appeared  that  insulin  therapy  raised  the  re¬ 
covery  rate  from  4%  in  untreated  to  13%  in  the  treated  cases.  Some  degree  of  improvement  was  seen  in 
65%  of  the  treated  as  compared  with  ai%  in  the  control  group.  Catatonic  and  paranoid  types  of  patients 
proved  to  be  more  amenable  to  treatment  than  were  the  hebephrenics.  There  was  a  high  correlation  be¬ 
tween  recency  of  onset  and  the  degree  of  improvement.  According  to  this  study,  insulin  treatment  im¬ 
proves  the  prospect  of  amelioration  or  of  recovery  about  300%. — R.  G.  H. 

Stalet,  R.  W.  Insulin  hypoglycemia  in  schizophrenia.  Pennsylvania  M.  J.  42:  63.  1938. 

The  author  reports  his  results  in  52  cases  of  schizophrenia  under  the  insulin  hypoglycemic  therapy. 
Of  23  completely  treated  all  but  y  showed  mental  improvement  varying  in  degree.  The  permanency  of 
the  treatment  is  undetermined,  but  it  is  considered  that  if  the  hospitalization  of  a  patient  is  shortened 
from  many  months  to  6  weeks  or  2  mo.  much  has  been  accomplished  even  though  the  remission  is  not 
permanent.  While  a  moderate  percentage  of  cases  are  not  improved  by  the  use  of  insulin  hypoglycemic 
therapy  in  schizophrenia,  it  has  proven  itself  to  be  of  such  value  that  it  should  be  included  in  the  arma¬ 
ment  of  therapy  for  this  type  of  psychosis. — I.  B. 
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Bayer,  G.,  and  T.  Wense.  Transplantation  of  testis  to  eye  in  rabbits  (Hodentransplantationen  in  das 
auge  bei  Kaninchen).  Arch.  f.  Entwc\lngsmechn.  d.  Organ.  137:  383.  1938. 

Reports  about  40%  successful  takes  in  testis  transplants  to  the  anterior  chamber  of  castrated  and 
non-castrated  rabbits. — A.  T.  R. 

Benoit,  J.  Effect  of  diversely  localized  illumination  in  the  orbital  region  on  gonad  stimulation  in  the 
immature  male  duck  (Action  de  divers  6clairements  localisfis  dans  la  region  orbitaire  sur  la  gonado- 
stimulation  chez  le  canard  m&le  impub^e).  Compt.  rend.  Soc.  de  biol.  127:  909.  1938. 

Light  directed  into  the  orbital  cavity  of  birds  deprived  of  eyes  resulted  in  gonad  stimulation;  when 
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this  region  was  masked,  however,  stimulation  of  the  testes  did  not  occur.  Direct  illumination  of  the  hypoph¬ 
ysis  by  means  of  a  light  conducted  through  a  quartz  tube  placed  in  the  enucleated  orbit  caused  testicu¬ 
lar  growth;  blue  and  red  rays  were  equally  effective  in  this  respect,  but  near  infra-red  rays  were  ineffec¬ 
tive.  It  was  believed  that  these  results  show  that  the  pituitary  was  activated  to  cause  gonad  stimulation 
by  a  photoreceptor  in  or  near  the  hypophysis. — E.  Cutuly. 

Benoit,  J.,  and  L.  Ott.  Action  of  light  of  different  wave  lengths  on  gonad  stimulation  in  the  immature 
male  duck  (Action  de  lumiae  de  diff^rentes  longueurs  d'onde  sur  la  gonadostimulation  chez  le  can¬ 
ard  mAle  impubne).  Compt.  rend.  Soc.  de  btol.  127:  906.  1938. 

A  series  of  11  male  ducks  aged  5  to  6  mo.  was  divided  into  groups  containing  t  or  2  birds.  The  birds 
in  each  group  were  exposed  to  similar  quantities  of  light  energy  but  to  radiations  of  different  wave  lengths 
for  a  total  exposure  of  114  hr.  over  a  period  of  39  to  41  days.  Each  animal  was  exposed  10  times.  Testicu¬ 
lar  development  was  greatly  augmented  by  red-orange  rays,  questionably  increased  by  blue  rays,  and 
uninfluenced  by  near  infra-red  rays. — E.  Cutuly. 

Boissezon,  P.  de.  Effect  of  pregnancy  urine  on  glycemia  and  on  the  histological  structure  of  the  adrenals, 
hypophysis  and  pancreas  in  the  guinea  pig  and  rabbit  (Action  des  urines  de  femme  gravide  sur  la 
glycimie  et  sur  la  structure  histologique  des  surr&iales,  de  I'hypophyse  et  du  panerfas  chez  le 
cobaye  et  la  lapine).  Compt.  rend.  Soc.  de  biol.  127: 276. 1938. 

P.U.  injected  into  guinea  pigs  and  rabbits  (numbers  not  stated)  caused  other  changes  in  addition 
to  its  recognized  effects  on  the  genital  tract.  These  included  hyperactivity  of  the  pituitary,  a  slight  hyper¬ 
glycemia,  hypertrophy  and  increase  in  the  number  of  pancreatic  islets,  and  hypertrophy  of  the  adrenals 
which  showed  an  increase  of  33%  in  cholesterol  content. — E.  Cutuly. 

Bulliard,  H.,  and  a.  Ravina.  Effects  of  testosterone  in  Cairina  (Effets  de  la  testosterone  chez  Cairina). 
Compt.  rend.  Soc.  de  biol.  127;  525. 1938. 

Ducks  about  2  mo.  of  age  were  injected  3  times  a  week  with  10  mg.  of  testosterone  propionate.  After 
2  or  3  weeks  a  slight  increase  in  general  body  growth  was  observed  in  males;  a  proportionally  greater 
growth  was  seen  m  females.  At  the  end  of  3  weeks  the  penis  attained  adult  proportions,  but  the  testes 
were  smaller  than  normal.  A  penis-like  organ  was  produced  in  females.  The  hormone  at  first  caused 
accelerated  growth  of  plumage  and  keratinization.  In  injected  females  the  plumage  was  maintained  in  a 
juvenile  state  and  the  ovaries  showed  regression. — E.  Cutuly. 

Chiodi,  H.  Effect  of  prepuberal  castration  in  the  weight  of  endocrine  glands  in  albino  rats  (Accion  de  la 
castracion  prepuberal  sobre  el  peso  de  los  6rganos  endderinos  de  las  ratas  albinas).  Rev.  Soc.  argent, 
de  Biol.  14:  246. 1938. 

Rats  were  castrated  at  30  days  of  age  and  the  weight  of  their  endocrine  glands  determined  at  in* 
tervals  between  45  and  200  days  of  age.  The  hypophysis  hypertrophied  in  male  castrates  (increase  in 
absolute  and  relative  weight  at  all  ages),  but  did  not  in  females  (no  variation  in  absolute  and  decrease  in 
relative  weight).  The  thyroid  weighed  less  absolutely  and  relatively  in  male  castrates  and  less  relatively 
in  female  castrates  than  in  the  controls.  The  adrenals  were  found  to  weigh  more  in  male  and  less  in  fe¬ 
male  castrates  than  in  the  controls  of  the  same  age  and  sex.  The  testes  grew  rapidly  up  to  60  days  of  age 
then  more  slowly  up  to  150  days;  the  ovary  reached  its  largest  weight  at  70  days.  The  rapid  increase  in 
weight  of  the  gonads  precedes  that  of  the  thymus  by  20  days  in  males  and  10  days  in  females.  The  physi¬ 
ological  involution  of  the  thymus  coincides  with  the  increase  in  weight  of  the  hypophysis,  thyroid  and 
adrenals,  not  with  that  of  the  gonads. — ^J.  T.  L. 

Coe,  W.  R.  Influence  of  association  on  sexual  phases  of  gastropods  having  protandric  consecutive 
sexuaUty.  Biol.  Bull.  75:  274. 1938. 

In  4  species  of  Crepidula  and  in  6  species  previously  considered,  association  of  male  with  female 
proved  to  be  not  a  prerequisite  for  the  development  of  a  functional  male  phase.  Accentuation  and  pro¬ 
longation  of  the  male  phase  is  not  due  to  a  hormone  secreted  by  the  female  but  is  due  to  stimuli  received 
by  the  male  through  his  penis  and  tentacles  during  association  with  the  female.  Masculine  characteris¬ 
tics  are  produced  by  hormones  secreted  due  to  the  stimulation  during  association. — E.  L. 


